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Description 

TECHNICAL FIELD 

5 [0001 ] The present invention relates to silyl (meth)acrylate copolymers, processes for preparing the same, antifouling 
paint compositions containing the silyl (meth)acrylate copolymers, antifouling coating films formed from the antifouling 
paint compositions, antifouling methods using the antifouling paint compositions, and hulls or underwater structures 
coated with the coating films. 

[0002] More particularly, the invention relates to silyl (meth)acrylate copolymers which can produce antifouling paints 
10 capable of forming antifouling coating films which hardly suffer from occurrence of cracks, have excellent adhesive 
strength and thereby hardly suffer from peeling, can be favorably controlled in the hydrolysis rate, and are excellent in 
antifouling performance (antifouling activities), antifouling properties, particularly antifouling properties in a highly foul- 
ing environment, and long-term antifouling properties. The invention also relates to processes for preparing such co- 
polymers, antifouling paint compositions capable of forming antifouling coating films having the above properties, an- 
15 tifouling coating films formed from the antifouling paint compositions, antifouling methods using the antifouling paint 
compositions, and hulls or underwater structures coated with the coating films. 

BACKGROUND ART 

20 [0003] Ships' bottoms, underwater structures, fishing nets, etc. sometimes have bad appearances and lose their 
functions, when they are exposed to water for a long time and various aquatic organisms, for example, animals such 
as oysters, hard-shell mussels and barnacles, plants such as I aver, and aquatic bacteria adhere and propagate thereon. 
[0004] Especially when such aquatic organisms adhere and propagate on a ship's bottom, the surface roughness 
of the whole ship may be increased to induce decrease of velocity of the ship or increase of fuel consumption. Further, 

25 removal of such aquatic organisms from the ship's bottom needs much labor and a long period of working time. In 
addition, if bacteria adhere and propagate on an underwater structure and slime (sludge-like substance) further adheres 
thereto to bring about decomposition of the bacteria, or if large-sized organisms adhere and propagate on an under- 
water structure such as a steel structure to damage anticorrosive coating films of the underwater structure, the strength 
or the function of the underwater structure may be lowered to thereby extremely shorten the lifetime of the underwater 

30 structure. 

[0005] In order to prevent such problems, ships' bottoms have been hitherto coated with antifouling paints of excellent 
antifouling properties, for example, a paint containing a copolymer of tributyltin methacrylate and methyl methacrylate 
or the like and cuprous oxide (Cu 2 0). The copolymer contained in this antifouling paint is hydrolyzed in seawater to 
release an organotin compound such as bistributyltin oxide (tributyltin ether, Bu 3 Sn-0-SnBu 3 (Bu: butyl group)) or 
35 tributyltin halide (Bu 3 SnX (X: halogen atom)) and exerts an antifouling effect, and besides the hydrolyzed copolymer 
itself becomes watersoluble and is dissolved in seawater. That is, this antifouling paint is a "hydrolyzable self-polishing 
paint", so that no resin residue remains on the coated surface of the ship's bottom, and the surface can be always kept 
active. 

[0006] Such organotin compounds, however, are strongly toxic, and there are fears of marine pollution, occurrence 
40 of malformed fish or malformed shellfish and evil influences on the biosystem due to the food chain. For this reason, 
development of tin-free antifouling paints substitutable for the conventional paints has been desired. 
[0007] The tin-free antifouling paints are, for example, silyl ester antifouling paints described in (1) Japanese Patent 
Laid-Open Publication No. 264170/1992, (2) Japanese Patent Laid-Open Publication No. 264169/1992 and (3) Japa- 
nese Patent Laid-Open Publication No. 264168/1992. These antifouling paints, however, have problems of poor anti- 
45 fouling properties and occurrence of cracking or peeling, as taught by (4) Japanese Patent Laid-Open Publication No. 
157941/1994 and (5) Japanese Patent Laid-Open Publication No. 157940/1994. 

[0008] In (6) Japanese Patent Laid-Open Publication No. 1 96869/1 990, an antifouling paint containing a chemically 
modified acid functional copolymer (A), which is obtained by copolymerizing trimethylsilyl methacrylate, ethyl methacr- 
ylate and methoxyethyl aery I ate in the presence of an azo polymerization initiator and contains acarboxylic acid group 

50 blocked by a trimethylsilyl group, and a compound (B) of a polyvalent cation is taught. This antifouling paint, however, 
has a problem that a coating film obtained from the antifouling paint is not satisfactory in the crack resistance. 
[0009] In (7) National Publication No. 500452/1985 of International Patent Application and Japanese Patent Laid- 
Open Publication No. 215780/1988, a resin for an antifouling paint, which is obtained by copolymerizing a vinyl mon- 
omer having an organosilyl group such as a trialkylsilyl ester of (meth)acrylic acid with another vinyl monomer and has 

55 a number-average molecular weight of 3,000 to 40,000, is described. It is also described that an organic water binder 
such as trimethyl orthoformate, an antifouling agent such as cuprous oxide and a pigment such as red iron oxide can 
be further added. This resin for an antifouling paint, however, has problems that the resin is liable to be gelatinized 
when stored and a coating film formed from the antifouling paint has poor crack resistance and peel resistance, as 
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described in (5) Japanese Patent Laid-Open Publication No. 157940/1994. 

[0010] In Japanese Patent Publication No. 32433/1993 corresponding to the above-mentioned publication (7) (Na- 
tional Publication No. 500452/1 985 of International Patent Application), an antifouling paint comprising (a) a toxic sub- 
stance and (b) a polymer binder which has a recurring unit represented by the formula (-CH 2 -CXCOOR)-(B)- (X is H 

5 or CH 3 , R is SiR' 3 or Si(OR') 3 , R' is an alkyl group or the like, and B is a residual group of an ethylenically unsaturated 
monomer) and has a specific hydrolysis rate is disclosed. It is also described that a solvent, a water-sensitive pigment 
component, an inert pigment, a filler and a retarder can be further introduced. The coating film obtained from the 
antifouling paint described in this publication, however, has a problem of poor crack resistance. 
[0011] In (8) Japanese Patent Laid-Open Publication No. 18216/1995, there is disclosed a paint composition which 

10 contains, as its major components, (A) a polymer of an organosilicon-containing monomer A having an organosilicon 
triester group represented by the formula (I) -COO-SiR 1 R 2 R 3 (R 1 to R 3 are each an alkyl group of 1 to 1 8 carbon atoms 
or the like) in a molecule and (B) copper or a copper compound and further contains, as an essential component other 
than the components (A) and (B), an alkoxy group-containing silicon compound represented by the following formula 
(C): 

15 

R 5 

R 4 -f-Si-0-^R 7 
R 6 

25 wherein R 4 to R 6 are each a hydrogen atom, an alkoxy group of 1 to 1 8 carbon atoms, a cycloalkoxy group or the like, 
R 7 is an alkyl group of 1 to 1 8 carbon atoms or the like, and n is an integer of 1 to 3. 

[0012] In the above publication, it is also described that a copolymer AB of the monomer A having a group represented 
by the formula (I) and a vinyl monomer B copolymerizable with the monomer A may be contained. Further, (meth) 
acrylic esters such as methyl (meth)acrylate, ethyl (meth)acrylate and dimethylaminoethyl (meth)acrylate are given as 

30 examples of the monomer B. 

[0013] The coating film obtained from the paint composition described in the above publication, however, has a 
problem that a coating film obtained from the paint composition is poor in the crack resistance and the antifouling 
properties, particularly antifouling properties in a highly fouling environment. The term "highly fouling environment" 
indicates, for example, a sea area rich in nutritive such as inland sea or a state where a ship or structure is allowed to 

35 stand in such a sea area or a ship frequently repeats running and stopping or runs at a low rate, e.g., about 1 0 knots 
or lower. 

[0014] In (9) Japanese Patent Laid-Open Publication No. 102193/1 995, there is disclosed a paint composition con- 
taining, as its essential components, a copolymer of a monomer mixture consisting of a monomer A represented by 
the formula X-SiR 1 R 2 R 3 (R 1 to R 3 are each a group selected from an alkyl group and an aryl group and may be the 

40 same or different, and X is an acryloyloxy group, a methacryloyloxy group, a malenoyloxy group or a fumaroyloxy 
group) and a monomer B represented by the formula Y-(CH 2 CH 2 0) n -R 4 (R 4 is an alkyl group or an aryl group, Y is an 
acryloyloxy group or a methacryloyloxy group, and n is an integer of 1 to 25), and an antifouling agent. Further, inorganic 
compounds such as copper compounds (specifically, cuprous oxide and copper powder), zinc sulfate and zinc oxide, 
and metal-containing organic compounds such as organocopper compounds (specifically, oxine copper), organonickel 

45 compounds and organozinc compounds (specifically, zinc pyrithione) are given as examples of the antifouling agents. 
In this publication, however, neither an organosilyl ester group-containing polymer using 2-hydroxyethyl acrylate or the 
like nor an organosilyl ester group-containing polymer having both of a straight-chain alkyl group-containing silyl (meth) 
acrylate constituent unit and a branched alkyl group-containing silyl (meth)acrylate constituent unit is mentioned. In 
addition, the paint described in this publication is poor in the antifouling properties or the antifouling properties in a 

50 highly fouling environment. 

[0015] In (10) Japanese Patent Laid-Open Publication No. 199095/1996, there is disclosed a paint composition con- 
taining, as its essential components, a copolymer of a monomer mixture consisting of the same monomer A represented 
by the formula (1 ) X-SiR 1 R 2 R 3 as described in the above publication No. 1 021 93/1 995, a monomer B represented by 
the formula (2) Y-(CH(R 4 ))-(OR 5 ) (R 4 is an alkyl group, R 5 is an alkyl group or a cycloalkyl group, and Y is an acryloyloxy 

55 group, a methacryloyloxy group, a maleinoyloxy group or a fumaroyloxy group), and if necessary, a vinyl monomer C 
copolymerizable with the monomers A and B, and an antifouling agent. Further, acrylic esters, methacrylic esters, 
styrene and vinyl acetate are described as examples of the vinyl monomers C; and inorganic compounds such as 
copper compounds (specifically, cuprous oxide and copper powder), zinc sulfate and zinc oxide, and metal-containing 
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organic compounds such as organocopper compounds (specifically, oxine copper), organonickel compounds and or- 
ganozinc compounds (specifically, zinc pyrithione) are given as examples of the antifouling agents. 
[0016] In (11 ) Japanese Patent Laid-Open Publication No. 269388/1 996, there is disclosed a paint composition con- 
taining, as its essential components, a copolymer of a monomer mixture consisting of a monomer A represented by 

5 the formula (1 ) X-SiR 1 R 2 R 3 (R 1 to R 3 are each a hydrocarbon group of 1 to 20 carbon atoms and may be the same or 
different, and X is an acryloyloxy group, a methacryloyloxy group, a malenoyloxy group, a fumaroyloxy group or an 
itaconoyloxy group) and a monomer B represented by the formula (2) Y-(CH 2 CH 2 0) n -R 4 (R 4 is an alkyl group or an 
aryl group, Y is an acryloyloxy group, a methacryloyloxy group, a maleinoyloxy group, a fumaroyloxy group or an 
itaconoyloxy group, and n is an integer of 1 to 25), and a copper salt of bis(2-pyridinethiol-1 -oxide) (copper pyrithione). 

10 Further, dimethyl-t-butylsilyl acrylate is given as an example of the monomer A; and inorganic compounds such as 
copper compounds (specifically, cuprous oxide and copper powder), zinc sulfate and zinc oxide, and metal-containing 
organic compounds such as organocopper compounds (specifically, oxine copper), organonickel compounds and or- 
ganozinc compounds (specifically, zinc pyrithione) are given as examples of the antifouling agents. Furthermore, rosin 
and rosin derivatives are cited as dissolution rate adjusting agents which can be added to the paint composition. 

15 [0017] In (12) Japanese Patent Laid-Open Publication No. 269389/1996, a paint composition comprising acopolymer 
of a monomer mixture consisting of an unsaturated monomer A having a triorganosilyl group and a monomer B rep- 
resented by any one of the following formulas (2) to (9), and an antifouling agent is disclosed. 
[0018] The monomers B are as follows: 

20 a tertiary amino group-containing monomer represented by the formula (2) CH 2 =CR 4 COOR 5 -NR 6 R 7 (R 4 is H or 

CH 3 , R 5 is an alkylene group, and R 6 and R 7 are each an alkyl group and may be the same or different), 
a quaternary ammonium salt-containing monomer represented by the formula (3) CH 2 =CR 8 COOR 9 -NR 10 R 11 R 12 
(Y) (R 8 is H or CH 3 , R 9 is an alkylene group, R 10 to R 12 are each an alkyl group and may be the same or different, 
and Y is a halogen atom), 

25 a monomer represented by the formula (4) CH 2 =CH-Z (Z is a group comprising a N-containing heterocyclic ring) 

and containing a nitrogen-containing heterocyclic ring, 

a monomer represented by the formula (5) CH 2 =CR 13 COO(R 14 0) m (R 15 0) n (R 16 0) 0 - R 17 (R 13 is H or CH 3 , R 14 is 
an ethylene group, R 15 is an alkylene group of 3 carbon atoms, R 16 is an alkylene group of 4 carbon atoms, R 17 
is an alkyl group or an aryl group, m, n and o are each an integer of 0 or greater, and n and o are not 0 at the same 
30 time) and having an alkoxy group or an aryloxyalkylene glycol group in a molecule, 

a (meth)acrylamide represented by the formula (6) CH 2 =CR 18 CONR 19 R 20 (R 18 is H or CH 3 , and R 19 and R 20 are 
each an alkyl group and may be the same or different), 

a (meth)acrylamide represented by the formula (7) CH 2 =CR 21 CON()Q (R 21 is H or CH 3 , N()Q is a N-containing 
group, and Q may contain O, N, S or the like) and containing a nitrogen-containing cyclic hydrocarbon group, 
35 a furan ring-containing (meth)acrylic ester represented by the formula (8) CH 2 =CR 23 COOCH 2 -T (R 23 is H or CH 3 , 

and T is a furan ring or a tetrahydrofuran ring), and 
a monomer represented by the formula (9) CH 2 =CH-CN. 

[001 9] Further, various copolymerizable monomers such as acrylic acid, ethyl acrylate, 2-hydroxyethyl (meth)acrylate 
40 and 2-hydroxypropyl (meth)acrylate are given as examples of the optional components copolymerizable with the mon- 
omers A and B. 

[0020] Although a copolymer comprising tri-n-butylsilyl acrylate (TBSA), diethylaminoethyl methacrylate (DEAEMA) 
and methyl methacrylate (MMA) and a copolymer comprising tri-n-butylsilyl acrylate (TBSA), N,N-dimethyl acrylamide 
(DMAA) and methyl methacrylate (MMA) are shown in the examples, neither a copolymer using 2-hydroxyethyl (meth) 
45 acrylate, 2-hydroxypropyl (meth)acrylate or the like nor a copolymer using at least straight-chain group-containing silyl 
(meth)acrylate and branched alkyl group-containing silyl (meth)acrylate is mentioned. 

[0021] In addition, the same antifouling agents as described in the aforesaid Japanese Patent Laid-Open Publication 
No. 269388/1996 are given as components which can be added to the paint composition. 

[0022] In (1 3) Japanese Patent Laid-Open Publication No. 269390/1 996, there is disclosed a paint composition com- 
50 prising a polymer using a monomer A represented by the formula (1 ) X-SiR 1 R 2 R 3 (R 1 to R 3 are each a group selected 
from an alkyl group and an aryl group and may be the same or different, and X is an acryloyloxy group, a methacryloyloxy 
group, a malenoyloxy group, a fumaroyloxy group or an itaconoyloxy group), a polymer using a monomer B represented 
by the formula (2) Y-(CH 2 CH 2 0) n -R 4 (R 4 is an alkyl group or an aryl group, Y is an acryloyloxy group, a methacryloyloxy 
group, a maleinoyloxy group, a fumaroyloxy group or an itaconoyloxy group, and n is an integer of 1 to 25), and an 
55 antifouling agent. In this publication, the same antifouling agents as described in the aforesaid Japanese Patent Laid- 
Open Publication No. 269388/1 996 are mentioned. Further, a resin (e.g., rosin) and an anti-settling agent are mentioned 
as components which can be added to the paint composition. 

[0023] In (14) Japanese Patent Laid-Open Publication No. 277372/1996, there is disclosed a paint composition which 
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contains a copolymer of a monomer mixture consisting of the same monomer A represented by the formula (1) 
X-SiR 1 R 2 R 3 as described in the aforesaid publication (11) (Japanese Patent Laid-Open Publication No. 269388/1996) 
and the same monomer B represented by the formula (2) Y-(CH 2 CH 2 0) n -R 4 as described in the aforesaid publication 
(11) and atriphenylboron pyridine complex and in which the resin component is composed of only a polymer containing 
5 no metal and the aquatic organism adhesion inhibitor is composed of only an organic inhibitor containing no metal. 
Further, rosin and rosin derivatives are cited as dissolution rate adjusting agents which can be added to the paint 
composition. 

[0024] In (15) Japanese Patent Laid-Open Publication No. 30071/1998, there is disclosed a paint composition com- 
prising (A) at least one of rosin and a rosin compound comprising a rosin derivative or a rosin metallic salt, (B) a polymer 

10 of at least one monomer M represented by the formula (1 ) X-SiR 1 R 2 R 3 (R 1 to R 3 are each a group selected from an 
alkyl group and an aryl group and may be the same or different, and X is an acryloyloxy group, a methacryloyloxy 
group, a malenoyloxy group, a fumaroyloxy group, an itaconoyloxy group or a citraconoyloxy group) and/or an orga- 
nosilyl ester group-containing polymer comprising a polymer of at least one monomer M and at least one polymerizable 
monomer other than the monomer M, and (C) an antifouling agent. In this publication, acrylic acid, methyl acrylate, 

15 2-hydroxyethyl (meth)acrylate and 2-hydroxypropyl (meth)acrylate are given as other monomers (optional components) 
copolymerizable with the monomer M, but any organosilyl ester group-containing polymer using 2-hydroxyethyl (meth) 
acrylate, 2-hydroxypropyl (meth)acrylate or the like is not mentioned at all. 

[0025] In the above publication, the same antifouling agents as described in the aforesaid Japanese Patent Laid- 
Open Publication No. 269388/1996 are mentioned. Further, a pigment, chlorinated paraffin, an anti-settling agent, etc. 

20 are described as components which can be added to the paint composition. 

[0026] In the publications (9) to (15), however, neither an organosilyl ester group-containing polymer using 2-hydrox- 
yethyl acrylate or the like nor a copolymer using at least straight-chain alkyl group-containing silyl (meth)acrylate and 
branched alkyl group-containing silyl (meth )acry late in combination is mentioned. In addition, the paint compositions 
described in these publications have a problem that the resulting coating films have poor crack resistance or the re- 

25 suiting coating films are insufficient in the balance of various properties such as crack resistance, peel resistance 
(adhesive strength), antifouling performance, antifouling properties, particularly antifouling properties in a highly fouling 
environment, long-term antifouling properties and self-polishing properties. 

[0027] In (16) Japanese Patent Publication No. 82865/1993, 2-hydroxyethyl acrylate and 2-hydroxypropyl acrylate 
are described as copolymerizable components optionally used. In (17) Japanese Patent Laid-Open Publication No. 

30 48947/1 997, (1 8) Japanese Patent Laid-Open Publication No. 48948/1 997, (1 9) Japanese Patent Laid-Open Publica- 
tion No. 48949/1997, (20) Japanese Patent Laid-Open Publication No. 48950/1997, (21) Japanese Patent Laid-Open 
Publication No. 48951/1997, (22) Japanese Patent Publication No. 32433/1993, (23) U.S. Patent No. 4,593,055, (24) 
Japanese Patent Laid-Open Publication No. 1968669/1990 and (25) WO 91/14743, silyl (meth)acrylate copolymers 
are described. In the publications (1 6) to (25), however, neither a copolymer using a hydroxy-containing monomer nor 

35 a copolymer using at least straight-chain alkyl group-containing silyl (meth)acrylate and branched alkyl group-contain- 
ing silyl (meth)acrylate in combination is mentioned. In addition, the antifouling paint using the copolymers described 
in the publications (16) to (25) have room to be improved in the crack resistance of the resulting coating films and the 
balance of various properties such as crack resistance, peel resistance (adhesive strength), antifouling performance, 
antifouling properties, particularly antifouling properties in a highly fouling environment, long-term antifouling properties 

40 and self-polishing properties. 

[0028] In (26) Japanese Patent Laid-Open Publication No. 215780/1988, a copolymer using methyl methacrylate, 
n-butyl methacrylate, acrylamide or the like is described, and an antifouling paint comprising this copolymer and cuprous 
oxide is described, but the antifouling paint has the same problems as those of the antifouling paints described in the 
above publications. 

45 

OBJECT OF THE INVENTION 

[0029] The present invention is intended to solve such problems associated with the prior art as mentioned above, 
and it is an object of the invention to provide a silyl (meth)acrylate copolymer which can produce an antifouling paint 
50 capable of forming an antifouling coating film which hardly suffers from occurrence of cracks, has excellent adhesive 
strength and thereby hardly suffers from peeling, can be favorably controlled in the hydrolysis rate, and is excellent in 
antifouling performance (antifouling activities), antifouling properties, particularly antifouling properties in a highly foul- 
ing environment, and long-term antifouling properties. 

[0030] It is another object of the invention to provide a process for preparing the silyl (meth)acrylate copolymer. 
55 [0031] It is a further object of the invention to provide an antifouling paint composition capable of forming such an 
antifouling coating film as mentioned above. 

[0032] It is a still further object of the invention to provide an antifouling coating film formed from the antifouling paint 
composition, an antifouling method using the antifouling paint composition and a hull or an underwater structure coated 
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with the coating film. 



DISCLOSURE OF THE INVENTION 



[0033] In the present invention, afirstsilyl (meth)acrylate copolymer (A-1) or a second silyl (meth)acrylate copolymer 
(A-2) is used as a copolymer. 

[0034] The first silyl (meth)acrylate copolymer (A-1) according to the invention comprises: 

(a) silyl (meth)acrylate constituent units represented by the following formula (I) in amounts of 20 to 80 % by weight: 



CH 2 

CR'C00SiR 2 R 3 R 4 



. - - (I) 



wherein R 1 is a hydrogen atom or a methyl group, and R 2 , R 3 and R 4 may be the same or different and are each 
an alkyl group, a cycloalkyl group or a phenyl group optionally substituted with alkyl, aryl or halogen, 
(b) acrylic unsaturated monomer constituent units represented by the following formula (II) in amounts of 0.01 to 
40 % by weight: 



CH a 
^CR 5 COZ 

. . . (II) 

wherein R 5 is a hydrogen atom or a methyl group, Z is -OR 6 or -NHR 7 , wherein R 6 is a hydroxyalkyl optionally 
substituted with chlorine or a phenoxy group or optionally substituted hydroxycycloalkyl or a polyalkylene glycol 
group represented by the formula -(R s O) n H (wherein R 8 is an alkylene group and n is an integer of 2 to 50), and 
R 7 is C^q alkyl group optionally substituted with one or more groups selected from halogen, hydroxyl, amino, 
amino substituted with methyl, organic acid residue and alkoxy; 
and 

(c) unsaturated monomer constituent units other than the constituent units (a) and (b) in amounts of 5 to 79.99 % 
by weight, 

with the proviso that the total amount of the constituent units (a), (b) and (c) is 1 00 % by weight, 
said silyl (meth)acrylate copolymer (A-1) having a weight-average molecular weight, as measured by gel 
permeation chromatography (GPC), of not more than 200,000. 



[0035] In a preferred embodiment of the silyl (meth)acrylate copolymer (A-1 ) of the invention, the unsaturated mon- 
omer constituent units (c) are those derived from at least one compound selected from (meth)aerylic esters, styrene 
and vinyl esters. 

[0036] The process for preparing a silyl meth(acrylate) copolymer (A-1 ) according to the invention comprises polym- 
erizing: 

(a1) silyl (meth)acrylate represented by the following formula (l-a) in an amount of 20 to 80 % by weight: 
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CH 2 

CR'cOOSiR 2 R 3 R 4 

. (I-a) 

wherein R 1 is a hydrogen atom or a methyl group, and R 2 , R 3 and R 4 may be the same or different and are 
each an alkyl group, acycloalkyl group or a phenyl group optionally substituted with alkyl, aryl or halogen; 
(b1 ) an acrylic unsaturated monomer represented by the following formula (ll-a) in an amount of 0.01 to 40 % by 
weight: 

CH 2 

CR 5 COZ 

. . . (Il-a) 

wherein R 5 is a hydrogen atom or a methyl group, Z is OR 6 or -NHR 7 wherein R 6 is a hydroxyalkyl optionally 
substituted with alkyl, aryl or halogen or optionally substituted hydroxycycloalkyl or a polyalkylene glycol group 
represented by the formula -(R s O) n H (wherein R 8 is an alkylene group and n is an integer of 2 to 50), and R 7 is a 
C^q alkyl group optionally substituted with one or more groups selected from halogen, hydroxyl amino, amino 
substituted with methyl, organic acid residue and alkoxy, 
and 

(d ) an unsaturated monomer other than the monomers (a1 ) and (b1 ), which is copolymerizable with the monomers 
(a1 ) and (b1 ), in an amount of 5 to 79.99 % by weight, 

with the proviso that the total amount of said monomers (a1 ), (b1 ) and (c1 ) is 1 00 % by weight, 
in the presence of a radical polymerization initiator to obtain the above-mentioned silyl (meth) acrylate co- 
polymer (A-1). 

[0037] In a preferred embodiment of the process for preparing a silyl (meth)acrylate copolymer (A-1) according to 
the invention, the unsaturated monomer (c1 ) is at least one compound selected from (meth)acrylic esters, styrene and 
vinyl esters. 

[0038] The antifouling paint composition according to the invention comprises the silyl (meth)acrylate copolymer (A- 
1) and may further comprise various additives. 

[0039] More specifically, in the antifouling paint composition (P) of the invention, the first silyl (meth)acrylate copol- 
ymer (A-1) is contained as a film-forming component. 

[0040] In the antifouling paint composition (Q) of the invention, at least the first silyl (meth)acrylate copolymer (A-1 ), 
an antifouling agent (B) whose representatives are copper and/or a copper compound, and a vinyl ether (co)polymer 
(E) and/or an elution accelerating component (F) are contained. 

[0041 ] That is, the antifouling paint composition (P) of the invention comprises the silyl (meth)acrylate copolymer (A- 
1). 

[0042] The antifouling paint composition (P) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-1) and an antifouling agent (B). 

[0043] The antifouling paint composition (P) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-1), an antifouling agent (B) and zinc oxide (C). 

[0044] The antifouling paint composition (P) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-1), an antifouling agent (B) and an inorganic dehydrating agent (D). 

[0045] The antifouling paint composition (P) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-1), an antifouling agent (B), zinc oxide (C) and an inorganic dehydrating agent (D). 

[0046] In any embodiment of the antifouling paint composition (P) of the invention, the antifouling agent is preferably 
copper and/or a copper compound (B-1 ). 

[0047] In any embodiment of the antifouling paint composition (P) of the invention, the antifouling agent is preferably 
a pyrithione compound (B-2). 

[0048] In any embodiment of the antifouling paint composition (P) of the invention, the antifouling agent preferably 
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comprises copper and/or a copper compound (B-1 ) and a pyrithione compound (B-2). 

[0049] In any embodiment of the antifouling paint composition (P) of the invention, the unsaturated monomer con- 
stituent units (c) are preferably those derived from at least one compound selected from (meth)acrylic esters, styrene 
and vinyl esters. 

[0050] The second antifouling composition (Q) of the invention comprises the silyl (meth)acrylate copolymer (A-1), 
an antifouling agent (B), and a vinyl ether (co)polymer (E) containing constituent units derived from a vinyl ether rep- 
resented by the formula (V) H 2 C=CHO-R (wherein R is a hydrocarbon group) and/or an elution accelerating component 
(F). 

[0051] More specifically, the antifouling paint composition (Q) of the invention preferably comprises the silyl (meth) 
acrylate copolymer (A-1), an antifouling agent (B) and the vinyl ether (co)polymer (E). 

[0052] The antifouling paint composition (Q) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-1), an antifouling agent (B) and an elution accelerating component (F). 

[0053] The antifouling paint composition (Q) of the invention preferably comprises the silyl (meth)acrylate copolymer 
(A-1), an antifouling agent (B), the vinyl ether (co)polymer (E) and an elution accelerating component (F). 
[0054] In the antifouling paint composition (Q) of the invention, the antifouling agent (B) is preferably copper and/or 
a copper compound. 

[0055] In the antifouling paint composition (Q) of the invention, the elution accelerating component (F) is preferably 
at least one substance selected from rosin, rosin derivatives, naphthenic acid and metallic salts thereof. 
[0056] In any embodiment of the antifouling paint composition (Q) of the invention, the unsaturated monomer con- 
stituent units (c) are preferably those derived from at least one compound selected from (meth)acrylic esters, styrene 
and vinyl esters. 

[0057] The antifouling coating film according to the invention is formed from the antifouling paint composition de- 
scribed above. 

[0058] The method of antifouling a hull or an underwater structure according to the invention employs the antifouling 
paint composition described above. 

[0059] The hull or the underwater structure according to the invention is a hull or an underwater structure whose 
surface is coated with a coating film formed from the antifouling paint composition described above. 
[0060] According to the present invention, there is provided a silyl (meth)acrylate copolymer which can produce an 
antifouling paint capable of forming an antifouling coating film which hardly suffers from occurrence of cracks, has 
excellent adhesive strength and thereby hardly suffers from peeling, can be favorably controlled in the hydrolysis rate, 
is excellent in antifouling performance (antifouling activities), antifouling properties, particularly antifouling properties 
in a highly fouling environment, and long-term antifouling properties, and is well-balanced among these properties. A 
process for preparing the silyl (meth)acrylate copolymer is also provided. Further, an antifouling paint composition 
capable of forming such an antifouling coating film as mentioned above is provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0061] 

Fig. 1 is a GPC chromatogram of a copolymer A1 -1 . 
Fig. 2 is a GPC chromatogram of a copolymer A1 -2. 
Fig. 3 is a GPC chromatogram of a copolymer A1 -3. 
Fig. 4 is a GPC chromatogram of a copolymer A1 -6. 
Fig. 5 is a GPC chromatogram of a copolymer A1 -9. 
Fig. 6 is a GPC chromatogram of a copolymer A1 -1 0. 
Fig. 7 is a GPC chromatogram of a copolymer A1 -1 1 . 
Fig. 8 is a GPC chromatogram of a copolymer A1 -1 2. 
Fig. 9 is a GPC chromatogram of a copolymer A1 -1 3. 
Fig. 10 is a GPC chromatogram of a copolymer A1-14. 
Fig. 1 1 is a GPC chromatogram of a copolymer A1 -1 5. 
Fig. 12 is a GPC chromatogram of a copolymer A1-16. 
Fig. 13 is a GPC chromatogram of a copolymer A1-17. 
Fig. 14 is a GPC chromatogram of a copolymer A1-18. 
Fig. 15 is a GPC chromatogram of a copolymer A1-19. 
Fig. 1 6 is a GPC chromatogram of a copolymer A1 -20. 
Fig. 1 7 is a GPC chromatogram of a copolymer A1 -21 . 
Fig. 1 8 is a GPC chromatogram of a copolymer A1 -22. 
Fig. 1 9 is a GPC chromatogram of a copolymer A1 -23. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0062] The silyl (meth)acrylate copolymer (A-1), the processes for preparing the copolymers, and the antifouling 
paint compositions (P) and (Q) are described in more detail hereinafter. 

[0063] First of all, the silyl (meth)acrylate copolymers (A-1) and the processes for preparing the copolymers are 
described in more detail. 

Silyl (meth)acrylate copolymer (A-1) 

[0064] The silyl (meth)acrylate copolymer (A-1) of the invention comprises silyl (meth)acrylate constituent units (a) 
represented by the formula (I), acrylic unsaturated monomer constituent units (b) represented by the formula (II) and 
unsaturated monomer constituent units (c) other than the constituent units (a) and (b). 

[0065] The constituent units (a), (b) and (c) for constituting the silyl (meth)acrylate copolymer (A-1) are described 
below in this order. 

Silyl (meth)acrylate constituent unit (a) 

[0066] The silyl (meth)acrylate constituent unit (a) is represented by the following formula (I). 



[0067] In the formula (I), R 1 is a hydrogen atom or a methyl group, and R 2 , R 3 and R 4 may be the same or different 
and are each an alkyl group, a cycloalkyl group or a phenyl group which may have a substituent group. 
[0068] The number of carbon atoms of the alkyl group is in the range of preferably 1 to 18, more preferably 1 to 6, 
and the number of carbon atoms of the cycloalkyl group is in the range of preferably 3 to 10, more preferably 3 to 8. 
Examples of the substituent groups which can be substituted for hydrogen atoms in the phenyl group include alkyl, 
aryl and halogen. 

[0069] The silyl (methyl)acrylate, from which the silyl(meth)acrylate constituent unit is derived, is represented by the 
following formula (l-a). 




. . . (i) 
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CH 2 

i! 

CR'COOSiR^R 4 

. . . <I-a) 

[0070] In the formula (l-a), R 1 is the same as R 1 in the formula (I) and is a hydrogen atom or a methyl group. R 2 , R 3 
and R 4 are the same as R 2 , R 3 and R 4 in the formula (I), and they may be the same or different and are each the same 
alkyl group, cycloalkyl group or phenyl group which may have a substituent group as described above. 
[0071] Examples of the silyl (meth)acrylates (l-a) include: 

silyl (meth)acrylates wherein R 2 , R 3 and R 4 are the same as one another, such as trimethylsilyl (meth)acrylate, 
triethylsilyl (meth)acrylate, tripropylsilyl (meth)acrylate, triisopropylsilyl (meth)acrylate, tributylsilyl (meth)acrylate, 
tri-sec-butylsilyl (meth)acrylate and triisobutylsilyl (meth)acrylate; and 

silyl (meth)acrylates wherein R 2 , R 3 and R 4 are partly or entirely different from one another, such as sec-butyl- 
methylsilyl (meth)acrylate, sec-butyldimethylsilyl (meth)acrylate, dimethylpropylsilyl (meth)acrylate, monomethyl- 
dipropylsilyl (meth)acrylate and methylethylpropylsilyl (meth)acrylate. 

[0072] In the present invention, such silyl (meth)acrylates can be used singly or in combination of two or more kinds. 
Of such silyl (meth)acrylates, preferable are those wherein R 2 , R 3 and R 4 are each independently an alkyl group of 
about 1 to 18 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, sec-butyl, tert-butyl or isobutyl, and more pref- 
erable are those wherein at least one of alkyl groups indicated by R 2 , R 3 and R 4 has 3 or more carbon atoms. Also 
preferable are those wherein the total number of the carbon atoms in R 2 , R 3 and R 4 is in the range of about 5 to 21. 
Of such silyl (meth)acrylates, triisopropylsilyl (meth)acrylate, triisobutylsilyl (meth) acrylate, disec-butylmethylsilyl 
(meth)acrylate, sec-butyldimethylsilyl (meth)acrylate and tri-sec-butylsilyl (meth)acrylate are most preferably used in 
consideration of ease of synthesis of the silyl (meth) acrylate copolymer and film-forming properties, storage stability 
and polishing-cleaning controllability of an antifouling paint composition using the silyl (meth) acrylate copolymer. 

Acrylic unsaturated monomer constituent unit (b) 

[0073] The acrylic unsaturated monomer constituent unit (b) (sometimes simply referred to as an "unsaturated mon- 
omer constituent unit (b)") is represented by the following formula (II). 

CH Z 
I 

CR 5 COZ 

- . . (ID 

[0074] In the formula (II), R 5 is a hydrogen atom or a methyl group, and Z is -OR 6 or -NHR 7 . 

[0075] R 6 is a hydroxyalkyl or hydroxycycloalkyl group which may have a substituent group or a polyalkylene glycol 

group represented by the following formula: 

-(R 8 0) n H 

wherein R 8 is an alkylene group, and n is an integer of 2 to 50. 

[0076] The number of carbon atoms of the hydroxyalkyl group in the formula (II) is in the range of preferably 1 to 1 8, 
more preferably 2 to 9, the number of carbon atoms of the hydroxycycloalkyl group is in the range of preferably 3 to 
1 0, more preferably 3 to 8, and the number of carbon atoms of the polyalkylene glycol group is in the range of preferably 
1 to 8, more preferably 2 to 4. 

[0077] R 7 is an alkyl group having 1 to 1 8 carbon atoms which may be substituted with any of a halogen, a hydroxyl 
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group, an amino group, a methyl substituted amino group, organic acid residue and an alkoxy group. 

[0078] The unsaturated monomer, from which the unsaturated monomer constituent unit (b) is derived, is represented 

by the following formula (ll-a). 

5 

CH 2 

u 

CR 5 COZ 

10 . . • ( II-a) 

[0079] In the formula (ll-a), R 5 is the same as R 5 in the formula (II) and is a hydrogen atom or a methyl group, and 
Z is the same as Z in the formula (II) and is OR 6 or -NHR 7 . 
15 [0080] R 6 is a hydroxyalkyl or hydroxycycloalkyl group which may have a substituent group or a polyalkylene glycol 
group represented by the following formula: 

-(R 8 0) n H 

20 

wherein R 8 is an alkylene group, and n is an integer of 2 to 50. 

[0081] The number of carbon atoms of the hydroxyalkyl group in the formula (ll-a) is in the range of preferably 1 to 
18, more preferably 2 to 9, the number of carbon atoms of the hydroxycycloalkyl group is in the range of preferably 3 
to 10, more preferably 3 to 8, and the number of carbon atoms of the polyalkylene glycol group is in the range of 
25 preferably 1 to 8, more preferably 2 to 4. 

[0082] R 7 is C^g alkyl group which may be substituted with any of a halogen, a hydroxyl group, an amino group, a 
methyl substituted amino group, an acyl group and an alkoxy group. 

[0083] Examples of the unsaturated monomers (ll-a) represented by the formula (ll-a) wherein Z is an oxygen atom 
include 2-hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl acrylate, 2-hydroxypropyl methacrylate, 

30 3-chloro-2-hydroxypropyl methacrylate, 3-phenoxy-2-hydroxypropyl acrylate, 4-hydroxybutyl acrylate, 2-hydroxybutyl 
acrylate, 2-hydroxybutyl methacrylate, 6-hydroxyhexyl acrylate, 1 ,4-hydroxyhexanedimethanol monoacrylate, polyeth- 
ylene glycol monomethacrylate (n=2), polyethylene glycol monomethacrylate (n=4), polyethylene glycol monometh- 
acrylate (n=5), polyethylene glycol monomethacrylate (n=8), polyethylene glycol monomethacrylate (n=10), polyeth- 
ylene glycol monomethacrylate (n=15), polypropylene glycol monomethacrylate (n=5), polypropylene glycol mono- 

35 methacrylate (n=9) and polypropylene glycol monomethacrylate (n=12). 

[0084] Examples of the unsaturated monomers (ll-a) represented by the formula (ll-a) wherein Z is -NHR 7 include 
N-methylol acrylamide, N-methoxymethyl acrylamide, N-ethoxymethyl acrylamide, N,N-dimethylaminopropyl acryla- 
mide, N,N-dimethylaminopropyl methacrylamide and diacetone acrylamide. 

[0085] These unsaturated monomers (ll-a) can be used singly or in combination of two or more kinds. 
40 [0086] Of the unsaturated monomers (ll-a), hydroxyl group-containing monomers are preferable. Of the hydroxyl 
group-containing monomers, 2-hydroxypropyl acrylate and 2-hydroxybutyl methacrylate are preferably used, because 
an antifouling coating film having proper elution properties can be obtained. 

Unsaturated monomer constituent unit (c) 

45 

[0087] The unsaturated monomer constituent unit (c) constitutes the silyl (meth)acrylate copolymer of the invention 
together with the constituent units (a) and (b), and is different from any of the constituent units (a) and (b). 
[0088] Examples of the unsaturated monomers (c1 ), from which the unsaturated constituent unit (c) can be derived, 
include (meth)acrylic esters, such as methyl (meth)acrylate, ethyl (meth)acrylate and octyl (meth)acrylate; styrenes, 
50 such as styrene, vinyltoluene and oc-methylstyene; vinyl esters, such as vinyl acetate, vinyl benzoate, vinyl propionate 
and vinyl butyrate; crotonic esters; itaconic esters; fumaric esters; and maleic esters. Of these, (meth)acrylic esters, 
styrenes and vinyl esters are preferably used, because an antifouling coating film having proper strength of coating 
film can be obtained. 

[0089] These unsaturated monomers are used singly or in combination of two or more kinds. 
55 [0090] In the silyl (meth)acrylate copolymer of the invention, the silyl (meth)acrylate constituent units (a) are contained 
in amounts of 20 to 80 % by weight, preferably 30 to 70 % by weight, the acrylic unsaturated monomer constituent 
units (b) are contained in amounts of 0.01 to 40 % by weight, preferably 0.1 to 20 % by weight, and the unsaturated 
monomer constituent units (c) are contained in amounts of 5 to 79.99 % by weight, preferably 10 to 60 % by weight, 
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with the proviso that the total amount of the constituent units (a), (b) and (c) is 100 % by weight, from the viewpoints 
of strength and degree of consumption of a coating film. 

[0091] The weight-average molecular weight of the silyl (meth)acrylate copolymer (A-1), as measured by gel per- 
meation chromatography (GPC), is to be not more than 200,000, preferably 5,000 to 100,000, from the viewpoints of 
ease of preparation of an antifouling paint containing the silyl (meth)acrylate copolymer (A-1), painting workability of 
the resulting antifouling paint, consumption rate of an antifouling coating film, and crack resistance of the coating film. 

Preparation of silyl (meth)acrylate copolymer (A-1) 

[0092] The silyl (meth)acrylate copolymer (A-1) can be obtained by random polymerizing 20 to 80 % by weight of 
the silyl (meth)aerylate (a1 ) represented by the formula (l-a), 0.01 to 40 % by weight of the unsaturated monomer (b1 ) 
represented by the formula (I l-a) and 5 to 79.99 % by weight of another unsaturated monomer (c1) copolymerizable 
with the monomers (l-a) and (I l-a,), the total amount of said components (a1 ), (b1 ) and (c1 ) being 1 00 % by weight, by 
various processes such as solution polymerization, bulk polymerization, emulsion polymerization and suspension po- 
lymerization in the presence of a radical polymerization initiator. 

[0093] As the radical polymerization initiator, azo compounds and peroxides hitherto known can be widely used. 
Examples of the azo compounds include 2,2'-azobisisobutyronitrile, 2,2'-azobis(2-methylbutyronitrile) and 2,2'-azobis 
(2,4-dimethylvaleronitrile). Examples of the peroxides include benzoyl peroxide, tert-butyl peroxyacetate, tert-butyl 
peroxyoctate, cumene hydroperoxide, tert-butyl peroxide, tert-butyl peroxybenzoate, tert-butyl peroxyisopropyl car- 
bonate, tert-butyl hydroperoxide and persulfates (potassium salt, ammonium salt). 

[0094] When the resulting polymer is used for an antifouling paint, solution polymerization and bulk polymerization 
wherein polymerization is carried out in an organic solvent are preferable out of the above-mentioned various polym- 
erization processes. 

[0095] Examples of the organic solvents used in the solution polymerization include: 

aromatic hydrocarbons, such as xylene and toluene; 

aliphatic hydrocarbons, such as hexane and heptane; 

esters, such as ethyl acetate and butyl acetate; 

alcohols, such as isopropyl alcohol and butyl alcohol; 

ethers, such as dioxane and diethyl ether; and 

ketones, such as methyl ethyl ketone and methyl isobutyl ketone. 

[0096] These solvents are used singly or in combination of two or more kinds. 

Uses of the silyl (meth)acrylate copolymers (A-1) 

[0097] The silyl (meth)acrylate copolymer (A-1) of the invention obtained as above are favorably used as a film- 
forming component of a paint, particularly an antifouling paint. 

[0098] The antifouling paint composition using the silyl (meth)acrylate copolymer (A-1) is described below. 
Antifouling paint composition 

[0099] The antifouling paint composition of the invention contains the silyl (meth)acrylate copolymer (A-1 ) , and fur- 
ther contains various additives. 

[0100] In the antifouling paint composition (P) of the invention, the first silyl (meth)acrylate copolymer (A-1) is con- 
tained as a film-forming component. 

[0101] In the antifouling paint composition (Q) of the invention, at least the first silyl (meth)acrylate copolymer (A-1), 
an antifouling agent (B) whose representatives are copper and/or a copper compound, and a vinyl ether (co)polymer 
(E) and/or an elution accelerating component (F) are contained. 

[0102] According to the antifouling paint composition containing the silyl (meth)acrylate copolymer (A-1 ) , there can 
be obtained an antifouling coating film which hardly suffers from occurrence of cracks, has excellent adhesive strength 
and thereby hardly suffers from peeling, can be favorably controlled in the hydrolysis rate, and is excellent in antifouling 
performance, antifouling properties, particularly antifouling properties in a highly fouling environment, and long-term 
antifouling properties. 

First antifouling paint composition (P) 



[0103] The first antifouling paint composition (P) of the invention contains the silyl (meth)acrylate copolymer (A-1) 
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(sometimes referred to as a "(meth)acrylic silyl ester copolymer (A-1)") as its essential component, and may further 
contain, in addition to the silyl (meth)acrylate copolymer (A-1), various additives, e.g., an antifouling agent (B) such as 
copper and/or a copper compound (B-1) or a pyrithione compound (B-2), zinc oxide (zinc white) (C), an inorganic 
dehydrating agent (D), an anti-sagging anti-settling agent, an elusion accelerating component such as rosin, a plasti- 
5 cizer such as chlorinated paraffin, a pigment such as coloring pigment or extender pigment, a resin such as acrylic 
resin or polyalkyl vinyl ether (vinyl ether (co)polymer), an anti-foaming agent, a color separation inhibitor and a leveling 
agent. 

Second antifouling paint composition (Q) 

10 

[0104] The second antifouling paint composition (Q) of the invention contains, as its essential components, the silyl 
(meth)acrylate copolymer (A-1 ), an antifouling agent (B), and a vinyl ether (co)polymer (E) and/or an elution accelerating 
component (F), and may further contain, in addition to the components (A-1 ), (B), and (E) (and/or (F)), various additives, 
e.g., zinc oxide (zinc white), an inorganic dehydrating agent, an anti-sagging anti-settling agent, a plasticizer such as 
15 chlorinated paraffin, a pigment such as coloring pigment or extender pigment, a resin other than the vinyl ether (co) 
polymer (E), such as acrylic resin, an anti-foaming agent, a color separation inhibitor and a leveling agent. 
[0105] Next, the essential components other than the silyl (meth)acrylate copolymers (A-1) and various additives 
are described. 

20 Antifouling agent (B) 

[0106] The antifouling agent (B) may be any of inorganic type and organic type. 

[0107] Although various antifouling agents hitherto known can be widely used in the invention, 

25 when the antifouling agent (B) is introduced into the first antifouling paint composition (P), copper and/or a copper 

compound (B-1) or a pyrithione compound (B-2) is preferable; 

when the antifouling agent (B) is introduced into the second antifouling paint composition (Q), copper and/or a 
copper compound (B-1) is preferable. 

30 [0108] The copper and/or the copper compound (B-1) (except pyrithione, the same shall apply hereinafter) to be 
introduced into the antifouling paint composition of the invention is described below. The copper and/or the copper 
compound used herein has a molecular weight of usually 63.5 to 2,000, preferably 63.5 to 1 ,000. 
[0109] The copper compound (B-1 ) may be any of organic type and inorganic type. Examples of inorganic copper 
compounds (B-3) include cuprous oxide, copper thiocyanate (cuprous thiocyanate, copper rhodanide), basic copper 

35 sulfate, copper chloride and copper oxide. Examples of organic copper compounds include basic copper acetate, oxine 
copper, copper nonylphenolsulfonate, copper bis(ethylenediamine)-bis(dodecylbenzenesulfonate), copper naphthen- 
ate, copper rosinate and copper bis(pentachlorophenolate). Of these, inorganic copper compounds, particularly cu- 
prous oxide and copper thiocyanate (copper rhodanide), are preferably used. 

[0110] Such copper compounds can be used singly or in combination of two or more kinds, with or without copper. 

40 [0111] The copper and/or the copper compound is desirably contained in the antifouling paint composition (P) or (Q) 
of the invention in the total amount of usually 1 to 70 % by weight, preferably 3 to 65 % by weight. Further, based on 
1 00 parts by weight of the silyl (meth)acrylate copolymer (A-1 ) contained in the antifouling paint composition, the copper 
and/or the copper compound (B-1) is desirably contained in the total amount of usually 3 to 1,400 parts by weight, 
preferably 10 to 1,300 parts by weight. 

45 [0112] When the copper and/or the copper compound is contained in the antifouling paint composition (P) or (Q) in 
the amount mentioned above, the paint composition tends to have excellent antifouling properties. 
[0113] In the present invention, an organic antifouling agent (B-4) is preferably used together with the copper and/ 
or the copper compound (B-1) or in place of the copper and/or the copper compound. The organic antifouling agent 
is, for example, a pyrithione compound (B-2) represented by the following formula (VI) (i.e., metal pyrithione). 

50 



55 
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. . . (VI) 

wherein R 21 to R 24 are each independently hydrogen, an alkyl group, an alkoxy group, a halogenated alkyl group, M 
15 is a metal such as Zn, Cu, Na, Mg, Ca, Ba, Pb, Fe or Al, and n is a valence of the metal. 

[0114] The pyrithione compound(s) (B-2) are desirably contained in the antifouling paint composition (P), (Q) or (R) 
in the (total) amount of usually 0.1 to 15 % by weight, preferably 0.5 to 10 % by weight. Further, based on 100 parts 
by weight of the silyl (meth)acrylate copolymer (A-1 ) or (A-2) contained in the antifouling paint composition (P), (Q) or 
(R), the pyrithione compound(s) (B-2) are desirably contained in the (total) amount of usually 0.3 to 300 parts by weight, 
20 preferably 2 to 200 parts by weight. 

[0115] In the present invention, the following antifouling agents (other antifouling agents) may be contained together 
with the pyrithione compound (B-2) or in place of the pyrithione compound. As the other antifouling agents, those 
hitherto known can be widely used, and examples thereof include tetramethylthiuram disulfide, carbamate type com- 
pounds such as zinc dimethyldithiocarbamate and manganese 2-ethylenebis-dithiocarbamate, 2,4,5,6-tetrachloroi- 
25 sophthalonitrile, N,N-dimethyldichlorophenylurea, 2-methylthio-4-tert-butylamino-6-cyclopropylamino-s-triazine, 
4,5-dichloro-2-n-octyl-4-isothiazoline-3-one, 2,4,6-trichlorophenylmaleimide, pyridine-triphenylborane and amine- 
triphenylborane. 

[0116] In the present invention, such antifouling agents can be used singly or in combination of two or more kinds, 
together with the pyrithione compound (metal pyrithione) such as zinc pyrithione (corresponding to a compound of the 

30 above formula (VI) wherein R 21 to R 24 are each H, M is Zn, and N is 2) or copper pyrithione (corresponding to a 
compound of the above formula (VI) wherein R 21 to R 24 are each H, M is Cu, and N is 2). For example, copper pyrithione 
and/or zinc pyrithione can be used in combination with 4,5-dichloro-2-n-octyl-4-isothiazoline-3-one. 
[0117] The amounts of various antifouling agents such as the copper and/or the copper compound (B-1) and the 
pyrithione compound (B-2) contained in the antifouling paint composition (P) or (Q) depend upon the types of the 

35 antifouling agents and the film-forming copolymer used in the preparation of the antifouling paint composition and the 
types of hulls (e.g., for ocean or coastal area, for various sea areas, made of wood or steel) to be coated with the 
antifouling paint composition, and cannot be determined discriminatingly. However, the total amount thereof is desired 
to be in the range of usually 1 0 to 1 ,400 parts by weight, preferably 20 to 1 ,300 parts by weight, based on 1 00 parts 
by weight of the silyl (meth)acrylate copolymer (A-1). 

40 [0118] If the total amount of the antifouling agents is less than 10 parts by weight, the antifouling paint composition 
sometimes has poor antifouling properties. Even if the total amount thereof exceeds 1 ,400 parts by weight, antifouling 
properties higher than a certain extent cannot be expected, and besides the crack resistance may become poor. 
[0119] When zinc pyrithione and cuprous oxide (Cu 2 0) are used in combination as the antifouling agents of the 
antifouling paint composition (P), zinc pyrithione may be contained in an amount of 2 to 200 parts by weight based on 

45 1 00 parts by weight of the silyl (meth)acrylate copolymer, and cuprous oxide may be contained in an amount of usually 
about 10 to 1,300 parts by weight based on 100 parts by weight of the silyl (meth)acrylate copolymer. Even if zinc 
pyrithione and cuprous oxide are contained in combination as described above, the antifouling paint composition has 
excellent storage stability and is neither thickened nor gelatinized when stored, differently from the aforesaid conven- 
tional antifouling paints. 

50 [0120] When copper pyrithione and cuprous oxide (Cu 2 0) are used in combination as the antifouling agents of the 
antifouling paint composition (Q) copper pyrithione may be contained in an amount of 2 to 200 parts by weight based 
on 1 00 parts by weight of the silyl (meth)acrylate copolymer (A-1 ), and cuprous oxide may be contained in an amount 
of usually about 1 0 to 1 ,300 parts by weight based on 1 00 parts by weight of the silyl (meth)acrylate copolymer (A-1 ). 

55 Zinc oxide (zinc white) (C) 

[0121] In the antifouling paint composition (P) or (Q) of the invention, zinc oxide (zinc white) (C) may be contained. 
By the use of the antifouling paint composition containing zinc oxide, the strength of the resulting coating film can be 
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enhanced and the polishing-cleaning properties thereof can be effectively controlled. 

[0122] The zinc oxide is desirably contained in the antifouling paint composition in an amount of usually 0.5 to 35 % 
by weight, preferably 1 to 25 % by weight, from the viewpoints of adjustments of degree of consumption and hardness 
of the coating film. 

Dehydrating agent 

[0123] In the antifouling paint composition (P) or (Q) of the invention, a dehydrating agent of inorganic type or organic 
type, preferably a dehydrating agent of inorganic type (inorganic dehydrating agent (D)), may be contained. By intro- 
ducing the dehydrating agent into the antifouling paint composition, the storage stability of the paint composition can 
be much more enhanced. 

[0124] Examples of the dehydrating agents include anhydrous gypsum (CaS0 4 ), synthetic zeolite type adsorbents 
(e.g., trade name: Molecular Sieves), orthoesters such as methyl orthoformate and methyl orthoacetate, orthoboric 
esters, silicates and isocyanates (e.g., trade name: Additive T1). Particularly, anhydrous gypsum or Molecular Sieves 
is preferably used as the inorganic dehydrating agent (D). Such inorganic dehydrating agents can be used singly or in 
combination of two or more kinds. 

[0125] The dehydrating agent, particularly inorganic dehydrating agent, is desirably added in an amount of usually 
0.02 to 100 parts by weight, preferably 0.2 to 50 parts by weight, based on 100 parts by weight of the silyl(meth)acrylate 
copolymer (A-1). 

[0126] The inorganic dehydrating agent(s) are desirably contained in the antifouling paint composition (P) or (Q) in 
the (total) amount of usually 0.01 to 10 % by weight, preferably 0.1 to 5 % by weight. If the inorganic dehydrating agent 
is contained in the antifouling paint composition in this amount, the storage stability of the paint composition tends to 
be enhanced. 

Vinyl ether (co)polymer (E) 

[0127] The vinyl ether (co)polymer (E) for use in the invention is a (co)polymer containing constituent units derived 
from a vinyl ether represented by the following formula (V): 

H 2 C=CHO-R (V) 

wherein R is a hydrocarbon group. 

[0128] The vinyl ether (V) has a vinyl ether linkage (H 2 C=CH-0-). The hydrocarbon group R in the formula (V) is, for 
example, an aliphatic or aromatic hydrocarbon group usually having 1 to 25 carbon atoms, and the hydrocarbon group 
may be straight-chain or branched or may have an alicyclic structure such as a cyclohexyl ring. The carbon atom C 1 
for constituting the hydrocarbon group (having 2 carbon atoms or more) may form, together with the carbon atom C 2 
contained in the alkyl group and adjacent to the carbon atom C 1 , an ether linkage (C 1 -0-C 2 ) through an oxygen atom. 
The hydrogen atoms for constituting the hydrocarbon group may be replaced with other functional groups (e.g., -OH, 
-NH 2 ). 

[0129] More specifically, R in the formula (V) is a monovalent hydrocarbon group, and examples of the monovalent 
hydrocarbon groups include an alkyl group and a phenyl group which may have a substituent group. 
[0130] The vinyl ether (co)polymer (E) desirably is a homopolymer of a vinyl ether represented by the formula (V) 
or a vinyl ether copolymer containing as its major component the vinyl ether (V) in an amount of not less than 50 % by 
weight (both polymers are sometimes generically referred to as "vinyl ether (co)polymer"). 

[0131] Examples of the vinyl ether (co)polymers include polyvinyl methyl ether, polyvinyl ethyl ether, polyvinyl iso- 
propyl ether and polyvinyl isobutyl ether. 

[0132] In the antifouling paint composition, the vinyl ether (co)polymer(s) are desirably contained in the (total) amount 
of usually 0.1 to 10 % by weight, preferably 0.2 to 5 % by weight. Further, based on 100 parts by weight of the silyl 
(meth)acrylate copolymer contained in the antifouling paint composition, the vinyl ether (co)polymer(s) are desirably 
contained in the (total) amount of usually 0.3 to 60 parts by weight, preferably 0.6 to 40 parts by weight. 
[0133] When the vinyl ether (co)polymer is contained in the antifouling paint composition in the amount mentioned 
above, antifouling properties, crack resistance, peel resistance and elution rate stability of the resulting coating film 
tend to become excellent. 
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Elution accelerating component (F) 

[0134] The elution accelerating component (F) for use in the invention has a function of accelerating self polishing 
of the coating film in seawater. Examples of the elution accelerating components include rosin (e.g., trade name: Rosin 

5 WW), derivatives thereof, monocarboxylic acids and salts thereof. 

[0135] Examples of rosin include gum rosin, wood rosin and tall oil rosin, and any of them is employable in the 
invention. Examples of the rosin derivatives include disproportinated rosin, low-melting disproportionated rosin, hydro- 
genated rosin, polymerized rosin, maleic acid-modified rosin, aldehyde-modified rosin, polyoxyalkylene ester of rosin, 
reduced rosin (rosin alcohol), metallic salts of rosin and rosin derivatives (e.g., copper salt, zinc salt and magnesium 

10 salt of rosin and rosin derivatives), and rosin amine. These rosin and rosin derivatives can be used singly or in com- 
bination of two or more kinds. 

[0136] Examples of the monocarboxylic acids include fatty acids having about 5 to 30 carbon atoms, synthetic fatty 
acids and naphthenic acid. Examples of the salts of monocarboxylic acids include Cu salt, Zn salt, Mg salt and Ca salt 
of monocarboxylic acids. Of these elution accelerating components, rosin, rosin derivatives and metallic salts of naph- 

15 thenic acid are preferable. Such elution accelerating components can be used singly or in combination of two or more 
kinds. In the antifouling paint composition, the elution accelerating component(s) are desirably contained in the (total) 
amount of 0.1 to 30 % by weight, preferably 0.1 to 20 % by weight, more preferably 0.5 to 15 % by weight, in terms of 
solid content. The proportion of the elution accelerating component(s) is desired to be in this range from the viewpoints 
of antifouling performance and water resistance of the coating film. 

20 [0137] Further, based on 1 00 parts by weight of the silyl (meth)acrylate copolymer contained in the antifouling paint 
composition, the elution accelerating component(s) are desirably contained in the (total) amount of usually 0.3 to 600 
parts by weight, preferably 2 to 300 parts by weight. 

[0138] When the amount of the elution accelerating component contained in the antifouling paint composition is in 
the above range, antifouling properties and degree of consumption of the resulting coating film tend to become excel- 
25 lent. 

Anti-sagging anti-settling agent 

[0139] As the anti-sagging anti-settling agent, any of known anti-sagging anti-settling agents can be added in an 
30 arbitrary amount. Examples of the anti-sagging anti-settling agents include salts, such as stearates, lecithin salts and 
alkylsulfonates of Al, Ca and Zn, polyethylene wax, amide wax, hydrogenated castor oil wax, polyamide wax, mixtures 
of these waxes, synthetic powdered silica, and polyethylene oxide wax. Of these, preferable are hydrogenated castor 
oil wax, polyamide wax, synthetic powdered silica and polyethylene oxide wax. The anti-sagging anti-settling agents 
on the market are, for example, those under the trade names of "Disparon A-603-20X" and "Disparon 4200-20" available 
35 from Kusumoto Kasei K.K. 

Pigment, Solvent 

[0140] As the pigment, any of hitherto known various organic or inorganic pigments is employable, and examples 
40 thereof include titanium white, iron red oxide, organic red pigments and talc. Various colorants such as dyes may be 
contained. 

[0141] By the use of a pigment in needle, flat or scaly form, the crack resistance of the coating film can be much 
more enhanced. 

[0142] As the solvent, any of various solvents which are generally added to antifouling paints, such as those of 
45 aliphatic type, aromatic type (e.g., xylene, toluene), ketone type, ester type and ether type, is employable. 

Preparation of antifouling paint composition 

Preparation of antifouling paint composition (P) 

50 

[0143] The antifouling paint composition (P) according to the invention can be prepared by appropriately using hith- 
erto known processes. For example, to the silyl (meth)acrylate copolymer (A-1), 3 to 1400 parts by weight of copper 
and/or a copper compound, 0 to 300 parts by weight of a pyrithione compound (total of antifouling agents (B): 25 to 
1,200 parts by weight), 0.3 to 200 parts by weight of a vinyl ether (co)polymer (E), 2 to 700 parts by weight of zinc 
55 oxide that is optionally used, 0.03 to 200 parts by weight of a dehydrating agent (e.g., anhydrous gypsum, molecular 
sieves), and proper amounts of other additives such as an anti-sagging anti-settling agent, a pigment and a solvent, 
each amount being based on 1 00 parts by weight of the copolymer (A-1 ), are added at the same time or in an arbitrary 
order, followed by stirring, mixing and dispersing. 
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Preparation of antifouling paint composition (Q) 

[0144] The antifouling paint composition (Q) according to the invention can be prepared by appropriately using hith- 
erto known processes. For example, to the silyl (meth)acrylate copolymer (A-1), 3 to 1400 parts by weight of copper 

5 and/or a copper compound, 0 to 300 parts by weight of a pyrithione compound (total of antifouling agents (B) : 25 to 
1,200 parts by weight), 0.3 to 200 parts by weight of a vinyl ether (co)polymer (E), 0.5 to 500 parts by weight of an 
elution accelerating component (F), 2 to 700 parts by weight of zinc oxide that is optionally used, 0.03 to 200 parts by 
weight of a dehydrating agent (e.g., anhydrous gypsum, molecular sieves), and proper amounts of other additives such 
as an anti-sagging anti-settling agent, a pigment and a solvent, each amount being based on 100 parts by weight of 

10 the copolymer (A-1), are added at the same time or in an arbitrary order, followed by stirring, mixing and dispersing. 
In this process, it is possible to use any one of the components (E) and (F). 

Antifouling coating film formed from the antifouling paint composition (P) or (Q), antifouling method using the antifouling 
paint composition, and hull or underwater structure coated with the coating film 

15 

[0145] The antifouling paint compositions (P) and (Q) are one-pack type, have excellent storage stability, and satisfy 
various property requirements of antifouling paints, such as adhesive strength, durability and antifouling properties. 
[0146] By applying the antifouling paint compositions to surfaces of various molded articles, e.g., underwater struc- 
tures (i.e., marine structures) such as water-supply or drain opening of the atomic power plant, coastal roads, undersea 

20 tunnels, port facilities, sludge-diffusion preventing films for various ocean civil engineering works such as channels 
and waterways, hulls, and fishing gears such as ropes and fishing nets, once to plural times in a conventional manner, 
there can be obtained hulls, underwater structures, etc. coated with antifouling coating films having excellent antifouling 
properties and crack resistance. The antifouling paint compositions may be applied directly to the surfaces of hulls, 
underwater structures, etc., or may be applied to the surfaces thereof having been previously coated with an under- 

25 coating material such as a rust preventive agent or a primer. The surfaces of hulls, underwater structures, etc. having 
been coated with the conventional antifouling paint or the antifouling paint composition (P) or (Q) of the invention may 
be further coated with the antifouling paint composition (P) or (Q) of the invention for the purpose of repair. There is 
no specific limitation on the thickness of the antifouling coating film formed on the surface of a hull, an underwater 
structure or the like, and the thickness thereof is, for example, in the range of about 30 to 150 jam per coating time. 

30 

EFFECT OF THE INVENTION 

[0147] According to the present invention, there is provided a silyl (meth)acrylate copolymer (A-1) which can produce 
an antifouling paint capable of forming an antifouling coating film which hardly suffers from occurrence of cracks, has 
35 excellent adhesive strength and thereby hardly suffers from peeling, can be favorably controlled in the hydrolysis rate, 
is excellent in antifouling performance (antifouling activities), antifouling properties, particularly antifouling properties 
in a highly fouling environment, and long-term antifouling properties, and is well-balanced among these properties. A 
process for preparing the copolymer (A-1) is also provided. 

[0148] According to the present invention, further, there is provided an antifouling paint composition (P) or (Q) which 
40 is capable of forming an antifouling coating film which hardly suffers from occurrence of cracks, has excellent adhesive 
strength and thereby hardly suffers from peeling, can be favorably controlled in the hydrolysis rate, is excellent in 
antifouling performance (antifouling activities), antifouling properties, particularly antifouling properties in a highly foul- 
ing environment, and long-term antifouling properties, and is well-balanced among these properties. 
[0149] According to the present invention, furthermore, there are provided acoating film having the above-mentioned 
45 excellent properties and a hull or an underwater structure which is coated with the coating film and has the above- 
mentioned excellent properties. 

[0150] According to the present invention, moreover, an antifouling method using the above-mentioned antifouling 
paint composition and having extremely little fear of environmental pollution is provided. 

50 EXAMPLE 

[0151] The present invention is further described with reference to the following examples. In the following examples 
and comparative examples, the term "part(s)" means part(s) by weight. 

55 
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Polymer Preparation Example 

Preparation of silyl (meth)acrylate copolymer (A-1) 

[0152] A reactor equipped with a stirrer, a condenser, a thermometer, a dropping device, a nitrogen feed pipe and a 
heating/cooling jacket was charged with 1 00 parts of xylene, and the xylene was stirred under heating at a temperature 
of 85°C in a stream of nitrogen. With maintaining the same temperature, a mixture of 50 parts of triisopropylsilyl acrylate, 
45 parts of methyl methacrylate, 5 parts of 2-hydroxypropyl acrylate and 1 part of 2,2'-azobisisobutyronitrile (polymer- 
ization initiator) was dropwise added to the reactor over a period of 2 hours by means of the dropping device. After the 
reaction solution was stirred for 4 hours at the same temperature, 0.4 part of 2,2'-azobisisobutyronitrile was added, 
and the mixture was further stirred for 4 hours at the same temperature to obtain a colorless transparent solution of a 
silyl (meth)acrylate copolymer (A1-1). 

[0153] The thus obtained solution of the copolymer (A1 -1) had a heating residue (after drying for 3 hours in a constant 
temperature vessel at 1 05°C) of 50.9 %, a viscosity at 25°C of 353 cps, a number-average molecular weight (Mn), as 
measured by GPC, of 5,132 and a weight-average molecular weight (Mw), as measured by GPC, of 19,344. A GPC 
chromatogram of the copolymer (A1 -1 ) is shown in Fig. 1 , and a chart of an IR spectrum thereof is shown in Fig. 20. 
[0154] The conditions for measuring GPC and IR are as follows. 

GPC measuring conditions 

[0155] 

Apparatus: HLC-8120GPC, manufactured by Tosoh K.K. 

Column: Super H2000+H4000, 6 mm I.D., 15 cm, manufactured by Tosoh K.K. 

Eluent: THF 

Flow rate: 0.500 ml/min 

Detector: Rl 

Temperature of column constant temperature bath: 40°C 
IR measuring conditions 
[0156] 

Apparatus: 270-30 Model Hitachi Infrared Spectrometer, manufactured by Hitachi, Ltd. 
Measuring method: KBr cell, coating method 

Examples to prepare copolymers (A1-2) to (A1-23) and Comparative Examples to prepare copolymers (H1) to (H5) 
for comparison 

[0157] Copolymers (A1-2) to (A1-23) and copolymers (H1) to (H5) for comparison were obtained in the same manner 
as in the preparation of the copolymer (A1-1), except that the ingredients to be dropwise added were changed as 
shown in Tables 1 to 5. Property values of the copolymers (solutions) were measured in the same manner as described 
above. 

[0158] The results are set forth in Tables 1 to 5. 

Examples P1 to P29 Examples Q1 to Q52, Comparative Examples PQ1 to PQ5, to prepare Antifouling Paints 
Examples to prepare antifouling paint compositions 

[0159] To prepare antifouling paint compositions having formulations shown in Tables 6 to 9 (Examples P1 to P29), 
Tables 10 to 16 (Examples Q1 to Q52, Comparative Examples PQ1 to PQ5) the ingredients were shaken all together 
for 2 hours in a paint shaker containing glass beads and then filtered through a 100-mesh filter. Thus, the desired 
antifouling paint compositions were obtained. 

[0160] The antifouling paint compositions were stored for 2 months at ordinary temperature to evaluate storage 
stability. The results are set forth in Tables 6 to 16. 

[0161] In the evaluation of storage stability, a viscosity (Ku value measured at 25°C by a Stormer's viscometer) of 
each antifouling paint composition was measured immediately after the preparation and after storage at ordinary tem- 
perature for 2 months, and the storage viscosity was evaluated by the increase in viscosity. 
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Evaluation criteria 
[0162] 

5: An increase in viscosity is less than 10. 

4: An increase in viscosity is less than 20. 

3: An increase in viscosity is less than 30. 

2: An increase in viscosity is not less than 30. 

1 : A Ku value is unmeasurable because of no flowability. 

[0163] Antifouling properties and degree of consumption of a coating film formed from each antifouling paint com- 
position were evaluated in the manner described below. 

[0164] The results are set forth in Tables 6 to 1 6, in which the examples and the comparative examples to prepare 
antifouling paint compositions are referred to as "Ex." and "Comp Ex." for short). 

Evaluation of antifouling properties 

[0165] A sandblasted steel plate of 70 x 200 x 3 mm was bent so as to be fitted onto the side of a rotating drum 
placed in seawater in Hiroshima Bay. 

[0166] The sandblasted steel plate was coated with an epoxy type zinc-rich primer, further with an epoxy type anti- 
corrosive paint next day, and furthermore a vinyl type binder coat two days after, to form coating films superposed in 
this order and having dry film thicknesses of 20 jum, 15 |iim and 50 jum, respectively. Thereafter, the antifouling paint 
composition under test was applied in such an amount that the film thickness after dried would be 200 jum, to obtain 
a test plate. The test plate was fitted onto the rotating drum, and a test was carried out at a peripheral speed of 5 knots 
under 50 % working conditions (alternation of 1 2-hour working at night and 1 2-hour rest in the day time) for 1 2 months 
in a highly fouling environment, to evaluate antifouling properties. 

[0167] In the evaluation of antifouling properties, the surface of the coating film was visually observed and the anti- 
fouling properties were evaluated based on the following criteria. 

Evaluation criteria 

[0168] 

5: Any substance sticking to the surface of the coating film is not observed. 
4: Slime(biofilm) thinly sticking to the surface of the coating film is observed. 
3: Slime thickly sticking to the surface of the coating film is observed. 

2: Slime sticking to the surface of the coating film and plants such as ectocarpales sticking partly to the surface 
thereof are observed. 

1 : The whole surface of the coating film is covered with plants such as ectocarpales. 
[0169] The degree of consumption was evaluated under the following conditions. 
Evaluation of degree of consumption 

[0170] A disc-shaped sandblasted steel plate having a diameter of 300 mm and a thickness of 3 mm was coated 
with an epoxy type zinc-rich primer, further with an epoxy type anticorrosive paint next day, and furthermore a vinyl 
type binder coat two days after, in such amounts that thicknesses of the coating films superposed in this order would 
become 20 |^m, 1 5 |nm and 50 j^m, respectively, followed by drying indoors for 7 days. Thereafter, the antifouling paint 
composition under test was applied radially from the disc center using an applicator having a gap of 500 \im, to obtain 
a test plate. 

[0171 ] The test plate was fitted onto a motor and placed in a constant temperature bath containing seawater at 25°C. 
The motor was rotated at' a peripheral speed of 15 knots for 1 month in Examples P1 to P29, Examples Q1 to Q52 
and Comparative Examples PQ1 to PQ5 (Tables 6 to 1 6). to evaluate degree of consumption (decrease in film thickness) 
near the periphery. 

[0172] The results of the evaluation are set forth in Tables 6 to 16. 

[0173] Further, the condition of the coating film was visually observed in the measurement of decrease in film thick- 
ness and evaluated based on the following criteria. 
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Evaluation criteria 
[0174] 

5: The coating film has nothing unusual. 

4: Fine cracks are observed on a part of the surface of the coating film. 

3: Fine cracks are observed on the whole surface of the coating film. 

2: Conspicuous cracks are observed on a part of the surface of the coating film. 

1 : Conspicuous cracks are observed on the whole surface of the coating film. 

[0175] The results of the evaluation are set forth in Tables 6 to 16. 
[0176] The ingredients shown in Tables are as follows. 

(1 ) Toyoparax 150 

available from Tosoh K.K., chlorinated paraffin, average carbon number: 14.5, chlorine content: 50 %, vis- 
cosity: 12 poise/25°C, specific gravity: 1.25/25°C 

(2) Rutonal A-25 

available from BASF Co., polyvinyl ethyl ether, viscosity: 2.5 to 6.0 Pa-s/23°C, specific gravity: 0.96/20°C 

(3) Rosin solution 

50% xylene solution of WW rosin 

(4) Copper naphthenate solution 

xylene solution of copper naphthenate, copper content in solution: 8 % 

(5) Soluble anhydrous gypsum D-1 

available from Noritake Co., Ltd., IIICaS0 4 , white powder, average particle diameter: 15 \xm 

(6) Disparon 4200-20 

available from Kusumoto Kasei K.K., polyethylene oxide wax, 20% xylene paste 

(7) Disparon A603-20X 

available from Kusumoto Kasei K.K., fatty acid amide wax, 20% xylene paste 
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Table 6 



Ingredients 


Ex. P1 


Ex. P2 


Ex. P3 


Ex. P4 


Ex. P5 


Ex. P6 


Ex. . P7 


Ex P8 


Ex. P9 


Copolymer solution 




















A1-1 
A1-2 
A1-3 
A1-4 
A1-5 
A1-6 
A1-7 
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26 


26 
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Evaluation result 
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properties 
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Table 7 
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Ingredients 


Ex. 
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Ex. P18 


Copolymer 
solution 


A1-1 
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Table 7 (continued) 
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Evaluation result 




















Storage 


5 


5 


5 


5 


5 


5 


5 


5 


5 


stability 




















Antifouling 


cr 
O 


cr 
O 


cr 
O 


cr 
O 


cr 
O 


cr 
O 


cr 
O 


cr 
O 


cr 
O 


properties 




















Degree of 


6 


4 


4 


4 


3 


3 


2 


6 


3 


consumption 




















month) 




















Condition 


5 


5 


5 


5 


5 


5 


5 


5 


5 


of coating film 





















Table 8 



Ingredients 


Ex. 
P19 


Ex. 
P20 


Ex. P21 


Ex. P22 


Ex. P23 


Ex. P24 


Ex. P25 


Ex. P26 


Ex. P27 


Copolymer 
solution 




















A1-1 

A1-2 

A1-3 

A1-4 

A1-5 

A1-6 

A1-7 

A1-8 

A1-9 

A1-10 

A1-11 

A1-12 

A1-13 

A1-14 

A1-15 

A1-16 

A1-17 

A1-18 

A1-19 

A1-20 

A1-21 

A1-22 

A1-23 

H-1 

H-2 

H-3 

H-4 


26 


26 


26 


26 


26 


22 


22 


20 


20 
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Table 8 (continued) 



Ingredients 


Ex. 


Ex. 


Ex. P21 


Ex. P22 


Ex. P23 


Ex. P24 


Ex. P25 


Ex. P26 


Ex. P27 




P19 


P20 
















Copolymer 




















solution 




















H-5 




















Toyoparax 150 




















Rutonal A-25 












2 


2 






Rosin solution 
















6 


6 


Copper 




















nap nth en ate 




















oUlU LIUI 1 




















Titanium white 


o 
d 


d. 


o 
d 


o 
d 


o 
d. 


o 
d. 


o 
d. 


o 
d. 


d 


Cuprous oxide 


43 


43 


43 


43 


43 


43 


43 


43 


43 


Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 


Copper 


3 


3 


3 


3 


3 


3 


3 


3 


3 


pyrithione 




















Mnnyarous 


i 


i 


i 


i 


I 


i 


i 


i 


i 


gypsum D-1 




















Disparon 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


4200-20 




















Disparon 


4 


4 


4 


4 


4 


4 


4 


4 


4 


AbUo-^UA 




















Xylene 


13.5 


1 3.5 


13.5 


13.5 


1 3.5 


1 5.5 


1 5.5 


1 3.5 


1 3.5 


Total 


100 


100 


100 


100 


100 


100 


100 


100 


100 


Evaluation result 




















Storage 


5 


5 


5 


5 


5 


5 


5 


4 


4 


stability 




















Antifouling 


O 


O 


O 


O 


O 


O 


O 


r- 
O 


O 


properties 




















Degree of 


9 


10 


9 


9 


10 


8 


8 


11 


11 


consumption (jli/ 




















month) 




















Condition 


5 


5 


5 


5 , 


5 


5 


5 


5 


5 


of coating film 





















Table 9 



Ingredients 


Ex. P28 


Ex. P29 


Copolymer solution 


A1-1 


22 


22 


A1-2 






A1-3 






A1-4 






A1-5 






A1-6 






A1-7 






A1-8 






A1-9 






A1-10 
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Table 9 (continued) 



Ingredients 


Ex. P28 


Ex. P29 


Copolymer solution 






A1 -1 1 






A1 -1 2 






A1 -1 3 






A1 -1 4 






A1 -1 5 






A1 -1 6 






A1 -1 7 






A1 -1 8 






A1 -1 9 






A1 -20 






A1 -21 






A 1-22 






A 1-23 






H-1 






H-2 






H-3 






H-4 






H-5 






Toyoparax 1 50 






Rutonal A-25 






Rosin solution 






Copper naphthenate solution 


4 


4 


Titanium white 

1 1 LCI 1 IIUIII VVIIILt^ 


2 


2 


Cuprous oxide 


43 


43 


Zinc white 


6 


6 


Copper pyrithione 


3 


3 


Anhydrous gypsum D-1 


1 


1 




1 .5 


1 .5 




4 


4 


/\y i c i ic 


1 3.5 


1 3.5 


lotal 


1 00 


1 00 


Evaluation result 






Storage stability 


4 


4 


Antifouling properties 


5 


5 


Degree of consumption (ju/month) 


10 


10 


Condition of coating film 


5 


5 



Table 10 



Ingredients 


Ex. Q1 


Ex. Q2 


Ex. Q3 


Ex. Q4 


Ex. Q5 


Ex. Q6 


Ex. Q7 


Ex. Q8 


Ex. Q9 


Copolymer solution 




















A1-1 
A1-2 
A1-3 
A1-4 
A1-5 


22 


22 


22 


22 


22 
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Table 10 (continued) 



10 



20 



Ingredients 


Ex. Q1 


Ex. Q2 


Ex. Q3 


Ex. Q4 


Ex. Q5 


Ex. Q6 


Ex. Q7 


Ex. Q8 


Ex. Q9 


Copolymer solution 




















A1 -6 












22 








A1 -7 














22 






A1 -8 
















22 




A1 -9 


















22 


A1 -1 0 




















A1 -11 




















A1 -12 




















A1 -13 




















A1 -14 




















A1 -15 




















A1 -1 6 




















A1 -1 7 




















A1 -1 8 




















A1 -1 9 




















A1 -20 




















A1 -21 




















A1-22 




















A1-23 




















H-1 




















H-2 




















H-3 




















H-4 




















H-5 




















Toyoparax 150 








A 

4 


A 

4 










nuionai m-*id 


O 
£. 


o 


o 
d. 


O 


O 
d. 




d. 






PUJolll oUIULIUII 




















OUpptrl I ld.pi 1 LI lei Idle 




















solution 




















Titanium white 


2 


2 


2 


2 


2 


2 


2 


2 


2 


Cuprous oxide 


43 


43 


43 


43 


43 


43 


43 


43 


43 


Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 


Copper pyrithione 


3 


3 


3 


3 


3 


3 


3 


3 


3 


Anhydrous gypsum D-1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


VJ lofJcil U I I t^UU <l.\J 


1 .vJ 


i .o 


i .»j 




I .o 


i .»j 


i .»j 


I .vJ 


I .U 


LJIbpdlUN MDUO-^iUA 


4 


4 


yl 
4 




4 


yl 
4 


A 
4 


4 


4 


Ayiene 


\ 0.0 


I 0.0 


1 0.0 


1 1 .0 


n .o 


1 0.0 


1 c c 
\ 0.0 


1 c c 
I 0.0 


1 c c 
1 0.0 


Total 


100 


100 


100 


100 


100 


100 


100 


100 


100 


Evaluation result 




















Qtnrano ctahi lit\/ 
O LUI dye oLdDIMLy 


o 


\J 




o 






o 






Antifouling 


5 


5 


5 


5 


5 


5 


5 


5 


5 


properties 




















Degree of 


8 


6 


7 


8 


7 


9 


13 


10 


4 


consumption (ji/month) 




















Condition of 


5 


5 


5 


5 


5 


5 


5 


5 


5 


coating film 
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Table 11 



10 



20 



Ingredients 


Ex. 
Q10 


Ex. 
Q11 


Ex. 
Q12 


Ex. 
Q13 


Ex. Q14 


Ex. Q15 


Ex. Q16 


Ex. Q17 


Ex. Q18 


Copolymer 
solution 


A1-1 

A1-2 

A1-3 

A1-4 

A1-5 

A1-6 

A1-7 

A1-8 

A1-9 

A1-10 

A1-11 

A1-12 

A1-13 

A1-14 

A1-15 

A1-16 

A1-17 

A1-18 

A1-19 

A1-20 

A1-21 

A1-22 

A1-23 

H-1 

H-2 

H-3 

H-4 

H-5 


22 


22 


22 


22 


22 


22 


22 


22 


22 


Toyoparax 150 




















Rutonal A-25 


2 


2 


2 


2 


2 


2 


2 


2 


2 


Rosin solution 




















Copper 




















naphthenate 




















solution 




















Titanium white 


2 


2 


2 


2 


2 


2 


2 


2 


2 


Cuprous oxide 


43 


43 


43 


43 


43 


43 


43 


43 


43 


Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 


flnnnpr 


3 


3 


3 


3 


3 


3 


3 


3 


3 


pyrithione 




















Anhydrous 


1 


1 


1 


1 


1 


1 


1 


1 


1 


gypsum D-1 




















Disparon 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


4200-20 




















Disparon 


4 


4 


4 


4 


4 


4 


4 


4 


4 


A603-20X 




















Xylene 


15.5 


15.5 


15.5 


15.5 


15.5 


15.5 


15.5 


15.5 


15.5 
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Table 11 (continued) 



i ngr eaierus 


ex. 


ex. 


ex. 


ex. 


ex. i 


ex. i o 


ex. i d 


p Y ni 7 
ex. i / 


p Y ni r 
ex. i o 




Q10 


Q11 


Q12 


Q13 












Copolymer 




















solution 




















Total 


100 


100 


100 


100 


100 


100 


100 


100 


100 


Evaluation result 




















Storage 


5 


5 


5 


5 


5 


5 


5 


5 


5 


stability 




















Antifouling 


cr 
O 


c 
O 


c 
O 


c 
O 


c 

O 


c 

O 


c 
O 


c 

O 


c 
O 


properties 




















Degree of 


8 


6 


6 


7 


4 


5 


4 


10 


13 


consumption 




















month) 




















Condition 


5 


5 


5 


5 


5 


5 


5 


5 


5 


of coating film 





















Table 12 



Ingredients 


eX. (ji y 


eX. U^U 


eX. (J^ l 


eX. 


eX. U^io 


Copolymer solution 


A1-1 












A1-2 












A1-3 












A1-4 












A1-5 












A1-6 












A1-7 












A1-8 












A1-9 












A1-10 












A1-11 












A1-12 












A1-13 












A1-14 












A1-15 












A1-16 












A1-17 












A1-18 












A1-19 


22 










A1-20 




22 








A1-21 






22 






A1-22 








22 




A1-23 










22 


H-1 












H-2 












H-3 












H-4 












H-5 












Toyoparax 150 
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Table 12 (continued) 



Ingredients 


Ex. Q19 


Ex. Q20 


Ex. Q21 


Ex. Q22 


Ex. Q23 


Copolymer solution 












Rutonal A-25 


2 


2 


2 


2 


2 


Rosin solution 












Coooer naohthenate solution 

VjpL/wl II C4. 1 1 LI Ivl 1 d LV^ IU Llv 1 1 












Titanium white 


2 


2 


2 


2 


2 


Cuprous oxide 


43 


43 


43 


43 


43 


Zinc white 


6 


6 


6 


6 


6 


Copper pyrithione 


3 


3 


3 


3 


3 


Anhydrous gypsum D-1 


1 


1 


1 


1 


1 


U lojJCll KJ\ 1 t^UU C-\J 


I .*J 


1 *s 

I . yJ 


1 *s 

I . yJ 


1 S 

I . yJ 


1 S 

I .O 


Ri^nprnn AfiO^-POY 

lojJcll \J\ 1 nUUO C-\J /\ 


4 


4 


4 


4 


4 


/\y ici 1 c 


1 5.5 


1 5.5 


1 5.5 


1 5.5 


1 5.5 


Total 


-\ c\c\ 
i UU 


I UU 


I UU 


I UU 


I UU 


Evaluation result 












Storage stability 


5 


5 


5 


5 


5 


Antifouling properties 


5 


5 


5 


5 


5 


Degree of consumption (|n/month) 


15 


18 


14 


16 


17 


Condition of coating film 


5 


5 


5 


5 


5 



Table 13 



Ingredients 


Ex. 
Q24 


Ex. 

Q25 


Ex. Q26 


Ex. Q27 


Ex. Q28 


Ex. Q29 


ExQ30 


Ex.Q31 


Ex.Q32 


Copolymer 
solution 




















A1-1 

A1-2 

A1-3 

A1-4 

A1-5 

A1-6 

A1-7 

A1-8 

A1-9 

A1-10 

A1-11 

A1-12 

A1-13 

A1-14 

A1-15 

A1-16 

A1-17 

A1-18 

A1-19 

A1-20 

A1-21 

A1-22 

A1-23 


20 


20 


20 


20 


20 


20 


20 


20 


20 
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Table 13 (continued) 



Ingredients 


Ex. 


Ex. 


Ex. Q26 


Ex. Q27 


Ex. Q28 


Ex. Q29 


ExQ30 


Ex.Q31 


Ex.Q32 




Q24 


Q25 
















Copolymer 




















solution 




















H-1 




















H-2 




















H-3 




















H-4 




















H-5 




















Toyoparax 150 








4 


4 










Rutonal A-25 




















Rosin solution 


6 


6 


6 


6 


6 


6 


6 


6 


6 


Copper 




















naphthenate 




















oU IU LIUI 1 




















Titanium white 


o 
d. 




d 


d 


o 
d. 




o 
d. 






Cuprous oxide 


43 


43 


43 


43 


43 


43 


43 


43 


43 


Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 


Copper 


3 


3 


3 


3 


3 


3 


3 


3 


3 


pyrithione 




















Mnnyurous 


i 


1 
i 


i 


i 


i 


i 


i 


i 


i 


gypsum D-1 




















Disparon 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


4200-20 




















Disparon 


4 


4 


4 


4 


4 


4 


4 


4 


4 


AdUo-^Ua 




















Xylene 


13.5 


13.5 


13.5 


9.5 


9.5 


13.5 


13.5 


1 3.5 


13.5 


Total 


100 


100 


100 


100 


100 


100 


100 


100 


100 


Evaluation result 




















Storage 


4 


4 


4 


4 


5 


4 


4 


4 


4 


stability 




















Antifouling 


c 
D 


c 
O 


c 
O 


c 

O 


c 
O 


c 

O 


c 
O 


c 
O 


c 
O 


properties 




















Degree of 


11 


10 


9 


14 


12 


13 


18 


15 


8 


consumption 




















month) 




















Condition 


5 


5 


5 


5 


5 


5 


5 


5 


5 


of coating film 





















Table 14 



Ingredients 


Ex. 

Q33 


Ex. 
Q34 


Ex. 
Q35 


Ex. 

Q36 


Ex. Q37 


Ex. Q38 


Ex. Q39 


Ex. Q40 


Ex. Q41 


Copolymer 
solution 




















A1-1 
A1-2 
A1-3 
A1-4 
A1-5 
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Table 14 (continued) 





I nnr^Hi^ntc 

I I ly i truie 1 1 Lo 


LA . 


LA . 


Fy 

La. 


Fy 

LA. 


Fy 0^7 

La. WO / 


Fy O^R 

La. WOO 


Fy O^Q 

La. WO Z) 


Fy 04D 

LA. WH-VJ 


Fy 041 

LA. WH- I 






Q33 


Q34 


Q35 


Q36 












5 


wupuiy 1 1 ici 






















solution 






















A1 -6 






















A1 -7 






















A1 -8 




















10 






















A1 -9 






















A1 -1 0 


20 




















A1 -11 




20 


















A1 -12 






20 














1 R 
1 O 


A1 -13 








20 














A1 -14 










20 












A1 -1 *=> 

I I O 






















A1 -1 6 














20 








A1 -1 7 
















20 




20 


A1 -1 8 


















20 




A1 -1 9 






















A H OA 

AT -^U 






















A1 -21 




















25 


A1-22 






















A1-23 






















H-1 






















H-2 






















H-3 




















30 


H-4 






















H-5 






















Toyoparax 150 






















Rutonal A-25 




















35 


Rosin solution 


6 


6 


6 


6 


6 


6 


6 


6 


6 




Copper 






















nap nth en ate 






















oU IU LIUI I 




















40 


Titanium white 




O 

d. 




d 


d 


d 


d 


d 


d 


Cuprous oxide 


43 


43 


43 


43 


43 


43 


43 


43 


43 




Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 




Copper 


3 


3 


3 


3 


3 


3 


3 


3 


3 




pyrithione 




















45 


Mnnyurous 


i 


i 


i 


i 


i 


i 


i 


i 


i 




gypsum D-1 






















Disparon 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 




4200-20 






















Disparon 


4 


4 


4 


4 


4 


4 


4 


4 


4 


50 
























Xylene 


13.5 


13.5 


13.5 


13.5 


13.5 


13.5 


13.5 


13.5 


13.5 




Total 


100 


100 


100 


100 


100 


100 


100 


100 


100 




Evaluation result 




















55 


Storage 


4 


4 


4 


4 


4 


4 


4 


4 


4 




stability 
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Table 14 (continued) 



10 



Ingredients 


Ex. 
Q33 


Ex. 
Q34 


Ex. 
Q35 


Ex. 
Q36 


Ex. Q37 


Ex. Q38 


Ex. Q39 


Ex. Q40 


Ex. Q41 


Evaluation result 




















Antifouling 


tz 
O 


IZ 
O 


tz 
O 


tz 
O 


IZ 
O 


IZ 
O 


tz 
O 


tz 
O 


tz 1 
O 


properties 




















Degree of 


13 


10 


11 


11 


8 


8 


7 


14 


18 


consumption 




















month) 




















Condition 


5 


5 


5 


5 


5 


5 


5 


5 


5 


of coating film 





















15 

Table 15 





Ingredients 


Ex. 
Q42 


Ex. 
Q43 


Ex. 
Q44 


Ex. 
Q45 


Ex. Q46 


Ex. Q47 


Ex. Q48 


Ex. Q49 


Ex. Q50 


20 


Copolymer 
solution 






















A1-1 












22 




20 
























on 




A1-3 




















25 


A1-4 
A1-5 
AT -b 
A1-7 




















30 


A1-8 

A1-9 

A1-10 

A1-11 

A1-12 




















35 


A1-13 
A1-14 
A1-15 
A1-16 




















40 


A1-17 
A1-18 
A1-19 
A1-20 
A1-21 


20 


20 


20 














45 


A1-22 
A1-23 
H-1 
H-2 








20 


20 










50 


H-3 
H-4 
H-5 






















Toyoparax 150 
Rutonal A-25 
















1 


1 


55 


Rosin solution 


6 


6 


6 


6 


6 






5 


5 
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Table 15 (continued) 





I nnrprlipntQ 

I I ly i cuic 1 1 to 


Ex. 


Ex. 


Ex. 


Ex. 


Ex. Q46 


Ex. Q47 


Ex. Q48 


Ex. Q49 


Ex. Q50 






Q42 


Q43 


Q44 


Q45 












5 


Copolymer 






















solution 






















Copper 












4 


4 








naphthenate 






















oU IU LIUI 1 




















10 


Titanium white 


d 


d 


o 
d. 




o 
d. 


d 


d 


d 


d 




Cuprous oxide 


43 


43 


43 


43 


43 


43 


43 


43 


43 




Zinc white 


6 


6 


6 


6 


6 


6 


6 


6 


6 




Copper 


3 


3 


3 


3 


3 


3 


3 


3 


3 


15 


pyrithione 






















Anh\ ir\ rr\ i i o 

Mriiiyuioub 


i 


i 


i 


1 
i 


i 


i 


i 


i 


i 




gypsum D-1 






















Disparon 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 




4200-20 




















20 


Disparon 


4 


4 


4 


4 


4 


4 


4 


4 


4 




AbUo-^UA 
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Table 16 



Ingredients 


Ex. Q51 


Ex. Q52 


Comp Ex. 
PQ1 


Comp Ex. 
PQ2 


Comp Ex. 
PQ3 


Comp Ex. 
PQ4 


Comp Ex. 
PQ5 


Copolymer 
solution 
















A1-1 

A1-2 

A1-3 

A1-4 

A1-5 

A1-6 

A1-7 

A1-8 
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A1-10 

A1-11 

A1-12 

A1-13 


22 


22 
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Table 16 (continued) 
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Ex. Q51 


Ex. Q52 


Comp Ex. 


Comp Ex. 
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ms 



A silyl (meth)acrylate copolymer (A-1) comprising: 



(a) silyl (meth) aery late constituent units of formula (I) in amounts of from 20 to 80 % by weight: 



CH 2 



CR'COOSiRrRV 



. . . (I) 



wherein R 1 is hydrogen or methyl, and R 2 , R 3 and R 4 are the same or different and are each alkyl, cycloalkyl 
or phenyl optionally substituted with alkyl, aryl or halogen, 

(b) acrylic unsaturated monomer constituent units of formula (II) in amounts of from 0.01 to 40% by weight: 



wherein R 5 is hydrogen or methyl and Z is -OR 6 or -NHR 7 , wherein R 6 is hydroxyalkyl optionally substituted 
with chlorine or a phenoxy group, optionally substituted hydroxycycloalkyl or a polyalkylene glycol of Formula 
-(R s O) n H (wherein R 8 is alkylene and n is an integer of from 2 to 50), and R 7 is C-|_-|g alkyl optionally substituted 
with one or more groups selected from halogen, hydroxyl, amino, amino substituted with methyl, acyl and 
alkoxy; 



(c) unsaturated monomer constituent units other than the constituent units (a) and (b) in amounts of from 5 to 
79.99 % by weight, 

with the proviso that the total amount of the constituent units (a), (b) and (c) is 100% by weight, 
said silyl (meth)acrylate copolymer (A-1) having a weight-average molecular weight, as measured by gel 
permeation chromatography (GPC), of not more than 200,000. 

A process for preparing a silyl meth(acrylate) copolymer (A-1), which process comprises polymerizing: 
(a1 ) silyl (meth)acrylate of formula (l-a) in an amount of from 20 to 80 % by weight: 



wherein R 1 is hydrogen or methyl, and R 2 , R 3 and R 4 are the same or different and are each alkyl, cycloalkyl 
or phenyl optionally substituted with alkyl, aryl or halogen; 

(b1 ) an acrylic unsaturated monomer of formula (I l-a) in an amount of from 0.01 to 40 % by weight: 




. . . (II) 



and 



CH, 

it . . 
CR'COOSiR-R J R 4 



. . . (I-a) 
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CH 2 

CR 5 COZ 

wherein R 5 is hydrogen or methyl, Z is -OR 6 or -NHR 7 , wherein R 6 is hydroxyalkyl optionally substituted with 
chlorine or a phenoxy group or optionally substituted hydroxycycloalkyl or a polyalkylene glycol of formula - 
(R s O) n H (wherein R 8 is alkylene and n is an integer of from 2 to 50), and R 7 is C^g alkyl optionally substituted 
with one or more groups selected from halogen, hydroxyl, amino, amino substituted with methyl, organic acid 
residue and alkoxy; 
and 

(c1) an unsaturated monomer other than the monomers (a1) and (b1), which is copolymerizable with the 
monomers (a1 ) and (b1 ), in an amount of from 5 to 79.99 % by weight; 

with the proviso that the total amount of said monomers (a1 ), (b1 ) and (c1 ) is 1 00 % by weight, 
in the presence of a radical polymerization initiator to obtain a silyl (meth)acrylate copolymer (A-1 ) according 
to claim 1 . 

3. An antifouling paint composition comprising a silyl (meth)acrylate copolymer (A-1) according to claim 1. 

4. A composition according to claim 3 which further comprises an antifouling agent (B). 

5. A composition according to claim 3 or claim 4 which further comprises zinc oxide (C). 

6. A composition according to any one of claims 3 to 5 which further comprises an inorganic dehydrating agent (D). 

7. A composition according to any one of claims 3 to 6 which further comprises a (co)polymer (E) comprising con- 
stituent units derived from a vinyl ether of formula (V): 

H 2 C=CHO-R (V) 

wherein R is an optionally substituted hydrocarbon radical. 

8. A composition according to any one of claims 3 to 7 which further comprises an elution accelerating component (F). 

9. An antifouling coating film formed from an antifouling paint composition according to any one of claims 3 to 8. 

10. A method of antifouling a hull or structure for use underwater, which method comprises use of an antifouling paint 
composition according to any one of claims 3 to 8. 

11. A hull or structure for use underwater, the surface of which has been coated with a coating film comprising an 
antifouling paint composition according to any one of claims 3 to 8. 

Patentanspruche 

1. Ein Silyl(meth)acrylat-Copolymer (A-1), umfassend: 

(a) Silyl(meth)acrylat-Einheiten der Formel (I) in Mengen von 20 bis 80 Gew.-%: 
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€H 2 

CR'COOSiJTRV 



(I) 



worin R 1 fur Wasserstoff Oder Methyl steht, und R 2 , R 3 und R 4 gleich Oder verschieden sind und jeweils fur 
Alkyl, Cycloalkyl oder Phenyl, gegebenenfalls substituiert mit Alkyl, Aryl oder Halogen, stehen; 

(b) ungesattigte Acrylmonomer-Einheiten der Formel (II) in Mengen von 0,01 bis 40 Gew.-%: 

CR J COZ 



. (II) 



worin R 5 fur Wasserstoff oder Methyl steht und Z fur -OR 6 oder -NHR 7 steht, worin R 6 fur Hydroxyalkyl, ge- 
gebenenfalls substituiert mit Chlor oder einer Phenoxygruppe, gegebenenfalls substituiertes Hydroxycycloal- 
kyl oder ein Polyalkylenglycol der Formel -(R s O) n H steht (worin R 8 fur Alkylen steht und n fur eine ganze Zahl 
von 2 bis 50 steht), und R 7 fur C^q Alkyl steht, gegebenenfalls mit einer oder mehreren Gruppen, gewahlt 
aus Halogen, Hydroxyl, Amino, Amino substituiert mit Methyl, Acyl und Alkoxy, substituiert; und 



(c) ungesattigte Monomer-Einheiten, die von den Einheiten (a) und (b) verschieden sind, in Mengen von 5 bis 
79,99 Gew.-%, 



mit der MaBgabe, dass die Gesamtmenge der Einheiten (a), (b) und (c) 100 Gew.-% betragt, 

wobei das Silyl(meth)acrylat-Copolymer (A-1) ein gewichtsmittleres Molekulargewicht, gemessen mittels Gelper- 

meationschromatographie (GPC), von nicht mehr als 200.000 aufweist. 



Verfahren zur Herstellung eines Silyl(meth)acrylat-Copolymers (A-1 ), wobei das Verfahren das Polymerisieren von 



(a1) Silyl(meth)acrylat der Formel (l-a) in einer Menge von 20 bis 80 Gew.-%: 



CR'COOSIR-R'R 4 



(I-a) 



worin R 1 fur Wasserstoff oder Methyl steht, und R 2 , R 3 und R 4 gleich oder verschieden sind und jeweils fur 
Alkyl, Cycloalkyl oder Phenyl, gegebenenfalls substituiert mit Alkyl, Aryl oder Halogen, stehen; 

(b1) einem ungesattigten Acrylmonomer der Formel (I l-a) in einer Menge von 0,01 bis 40 Gew.-%: 
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CH 2 

CR 5 COZ 

... (Il-a) 

worin R 5 fur Wasserstoff oder Methyl steht und Z fur -OR 6 oder -NHR 7 steht, worin R 6 fur Hydroxyalkyl, ge- 
gebenenfalls substituiert mit Chlor oder einer Phenoxygruppe, gegebenenfalls substituiertes Hydroxycycloal- 
kyl oder ein Polyalkylenglycol der Formel -(R 8 0) n H steht (worin R 8 fur Alkylen steht und n fur eine ganze Zahl 
von 2 bis 50 steht), und R 7 fur C^g Alkyl steht, gegebenenfalls mit einer oder mehreren Gruppen, gewahlt 
aus Halogen, Hydroxyl, Amino, Amino substituiert mit Methyl, organischer Saurerest und Alkoxy, substituiert; 
und 

(c1) und einem ungesattigten Monomer, das von den Monomeren (a1) und (b1) verschieden ist, welches mit 
den Monomeren (a1) und (b1) copolymerisierbar ist, in einer Menge von 5 bis 79,99 Gew.-%, 

mit der MaBgabe, dass die Gesamtmenge an Monomeren (a1), (b1) und (c1) 100 Gew.-% betragt, 

in Gegenwart eines Radikalpolymerisationsstarters umfasst, urn ein Silyl(meth)acrylat-Copolymer (A-1) gemaB 

Anspruch 1 zu ergeben. 

3. Antifaulnisanstrichzubereitung umfassend ein Silyl(meth)acrylat-Copolymer (A-1 ) gemaB Anspruch 1 . 

4. Zubereitung gemaB Anspruch 3, die zusatzlich ein Antifaulnismittel (B) enthalt. 

5. Zubereitung gemaB Anspruch 3 oder 4, die zusatzlich Zinkoxid (C) enthalt. 

6. Zubereitung gemaB einem der Anspruche 3 bis 5, die zusatzlich ein anorganisches Dehydratisierungsmittel (D) 
enthalt. 

7. Zubereitung gemaB einem der Anspruche 3 bis 6, die zusatzlich ein (Co)Polymer (E) enthalt, das Einheiten um- 
fasst, die von einem Vinylether der Formel (V) abgeleitet sind: 

H 2 C=CHO-R (V) 

worin R fur einen gegebenenfalls substituierten Kohlenwasserstoffrest steht. 

8. Zubereitung gemaB einem der Anspruche 3 bis 7, die zusatzliche eine elutionsbeschleunigende Komponente (F) 
enthalt. 

9. Antifaulnisbeschichtungsfilm, gebildet aus einer Antifaulnisanstrichzubereitung gemaB einem der Anspruche 3 bis 
8. 

10. Verfahren zum Faulnisverhindern eines Schiffsrumpfs oder einer Struktur fur Unterwasseranwendungen, wobei 
das Verfahren die Verwendung einer Antifaulnisanstrichzubereitung gemaB einem der Anspruche 3 bis 8 umfasst. 

1 1 . Schiffsrumpf oder Struktur fur Unterwasseranwendungen, deren Oberflache mit einem Beschichtungsfilm, umfas- 
send eine Antifaulnisanstrichzubereitung gemaB einem der Anspruche 3 bis 8, uberzogen ist. 



Revendications 

1. Copolymere (A-1) de (meth)acrylate de silyle, qui comprend : 

(a) des motifs constitutifs de (meth)acrylate de silyle de formule (I) : 
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CH 2 

CR'COOSiR 2 R 3 R 4 (I) 

dans laquelle R 1 represente un atome d'hydrogene ou un groupe methyle, et R 2 , R 3 et R 4 sont identiques ou 
differents et represented chacun un groupe alkyle, un groupe cycloalkyle ou un groupe phenyle eventuelle- 
ment substitue par un groupe alkyle, un groupe aryle ou un atome d'halogene, en une proportion de 20 a 80 
% en poids, 

(b) des motifs constitutifs de monomere insature acrylique, de formule (II) : 

CH 2 (II) 

CR 5 COZ 

dans laquelle R 5 represente un atome d'hydrogene ou un groupe methyle, et Z represente un groupe -OR 6 
ou -NHR 7 , ou R 6 represente un groupe hydroxyalkyle eventuellement substitue par du chlore ou un groupe 
phenoxy, un groupe hydroxycycloalkyle eventuellement substitue, ou un fragment polyalkyleneglycol de for- 
mule -(R 8 0) n H (dans laquelle R 8 represente un groupe alkylene et n designe un nombre entier de 2 a 50), et 
R 7 represente un groupe alkyle en C 1 a C 18 , eventuellement substitue par un ou plusieurs substituants pris 
parmi les atomes d'halogene et les groupes hydroxyle, amino, methylamino, acyle et alcoxy, en une proportion 
de 0,01 a 40 % en poids, et 

(c) des motifs constitutifs de monomere insature, autres que les motifs constitutifs (a) et (b), en une proportion 
de 5 a 79,99 % en poids, 

etant entendu que les motifs constitutifs (a), (b) et (c) represented au total 100 % en poids, 

ledit copolymere (A-1) de (meth)acrylate de silyle ayant une masse moleculaire moyenne en poids, determinee 

par chromatographie de permeation sur gel (CPG), ne depassant pas 200 000. 

Procede de preparation d'un copolymere (A-1) de (meth)acrylate de silyle, qui comprend la polymerisation, en 
presence d'un amorceur de polymerisation radicalaire, de : 

(a1) un (meth)acrylate de silyle de formule (l-a) : 



CRLCOOSiR^R 4 (I-a) 

dans laquelle R 1 represente un atome d'hydrogene ou un groupe methyle, et R 2 , R 3 et R 4 sont identiques ou 
differents et represented chacun un groupe alkyle, un groupe cycloalkyle ou un groupe phenyle eventuelle- 
ment substitue par un groupe alkyle, un groupe aryle ou un atome d'halogene, en une proportion de 20 a 80 
% en poids, 

(b1) un monomere insature acrylique de formule (I l-a) : 



II 2 (H-a) 
CR 5 COZ 

dans laquelle R 5 represente un atome d'hydrogene ou un groupe methyle, et Z represente un groupe -OR 6 
ou -NHR 7 , ou R 6 represente un groupe hydroxyalkyle eventuellement substitue par du chlore ou un groupe 
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phenoxy, ou un groupe hydroxycycloalkyle eventuellement substitue, ou un fragment polyalkyleneglycol de 
formule -(R 8 0) n H (dans laquelle R 8 represente un groupe alkylene et n designe un nombre entier de 2 a 50), 
et R 7 represente un groupe alkyle en C 1 a C 18 , eventuellement substitue par un ou plusieurs substituants pris 
parmi les atomes d'halogene et les groupes hydroxyle, amino, methylamino, acyle et alcoxy, en une proportion 
de 0,01 a 40 % en poids, et 

(c1 ) un monomere insature autre que les monomeres (a1 ) et (b1 ), copolymerisable avec les monomeres (a1 ) 
et (b1), en une proportion de 5 a 79,99 % en poids, 

etant entendu que lesdits monomeres (a1), (b1) et (c1) represented au total 100 % en poids, 
pour obtenir un copolymere (A-1) de (meth)acrylate de silyle selon la revendication 1. 

3. Peinture antisalissure, qui comprend un copolymere (A-1) de (meth)acrylate de silyle selon la revendication 1. 

4. Peinture antisalissure selon la revendication 3, qui renferme en outre un agent antisalissure (B). 

5. Peinture antisalissure selon la revendication 3 ou 4, qui renferme en outre de I'oxyde de zinc (C). 

6. Peinture antisalissure selon Tune quelconque des revendications 3 a 5, qui renferme en outre un agent deshydra- 
tant mineral (D). 

7. Peinture antisalissure selon Tune quelconque des revendications 3 a 6, qui renferme en outre un polymere ou 
copolymere (E), comprenant des motifs constitutifs issus d'un ether vinylique de formule (V) : 

H 2 C=CHO-R (V) 

dans laquelle R represente un radical hydrocarbone eventuellement substitue. 

8. Peinture antisalissure selon Tune quelconque des revendications 3 a 7, qui renferme en outre un constituant (F) 
accelerant I'elution. 

9. Film de revetement antisalissure, forme a partir d'une peinture antisalissure selon Tune quelconque des revendi- 
cations 3 a 8. 

10. Procede pour proteger des salissures une coque ou une structure sous-marine, qui comprend I'utilisation d'une 
peinture antisalissure selon Tune quelconque des revendications 3 a 8. 

11. Coque ou structure sous-marine dont la surface a ete revetue d'un film de revetement comprenant une peinture 
antisalissure selon I'une quelconque des revendications 3 a 8. 
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Fig.3 
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Fig. 5 

A1-9 
[mV] 

80.00-i 
60.00 -i 
40.00 
20.00 

0.00 4= 



OS 
CSJ 



fmV] 



5.00 




-0.02 



-0.08 



[min] 



10.00 



Fig. 6 

A1-10 

[mV] 
80.00- 

60.00- 

40.00- 

20.00- 

0.00- 




[mV] 



-0.02 



- --0.08 



5.00 



[min] 



10.00 



48 



EP 1 016 681 B1 




49 



EP 1 016 681 B1 



Fig. 9 
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Fig. 1 1 
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Fig. 13 
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Fig. 15 
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Fig. 1 7 
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